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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present disclosure relates to an aqueous dispersion, a method for producing the aqueous dispersion, and
an image-forming method.

2. Description of the Related Art

[0002] There are known microcapsule aqueous dispersions in which microcapsules including a core and a shell are
dispersed in an aqueous medium (medium including water).

[0003] For example, an ink-jet ink is disclosed in which microcapsules having a core including a photopolymerization
initiator and an ultraviolet-curable compound, and a crosslinked polymer shell having a dispersing group introduced with
a covalent bond are dispersed in an aqueous medium (for example, refer to WO2015/158748A).

[0004] In addition, there are disclosed, as inks that have high rubfastness and high durability and that provide high
ink ejectability, inks including a binder that is an aqueous dispersion of a core-shell composite resin particles including
a shell layer formed of a urethane resin having a hydrophilic group and a core layer formed of a vinyl polymer (for
example, refer to WO2012/073563A and JP2012-246486A).

[0005] In addition, as an aqueous printing ink composition being suitable for lamination printing on various plastic
films, having high suitability for printing, and also having adhesiveness, laminate strength, and tolerance to heat-sealing
and heat sterilization treatment, there is a known aqueous printing ink composition containing a pigment, an aqueous
binder resin, and water, the ink composition containing, as aqueous binder resins, (A) a crosslinked polyurethane urea
resin obtained by reacting, with polyamine, isocyanate groups of an aqueous dispersion in which a self-dispersible
urethane prepolymer having an isocyanate group at an end, or a mixture of this prepolymer and another polyisocyanate
compound is dispersed in water, and (B) a core-shell water-dispersible resin in which an epoxy-group-containing copol-
ymer forms the core and a carboxy-group-containing polyurethane forms the shell (for example, refer to JP1996-60063A
(JP-HO8-60063A)).

SUMMARY OF THE INVENTION

[0006] Aqueous dispersions of microcapsules are desirably provided such that the microcapsules have dispersion
stability. In these years, various methods for forming films with aqueous dispersions of microcapsules have been studied;
there has been a demand for a method for forming a film having higher hardness.

[0007] Inparticular, forexample, when such an aqueous dispersion of microcapsules is used as an ink-jet ink (hereafter,
also simply referred to as "ink"), or such an aqueous dispersion of microcapsules is used as a coating solution (namely,
a coating liquid) for forming coating films, these aqueous dispersions desirably form films having higher hardness.
[0008] Regarding this point, the aqueous dispersion of microcapsules described in WO2015/158748A has room for
improvements because, while the shells of the microcapsules have dispersing groups, the microcapsules do not have
sufficient dispersion stability.

[0009] In addition, the aqueous dispersions of microcapsules described in WO2012/073563A, JP2012-246486A, and
JP1996-60063A (JP-H08-60063A) do not have curability, and hence do not form films having high hardness.

[0010] Under the above-described circumstances, the present disclosure has been made, and an object thereof is as
follows.

[0011] An object of the present disclosure is to provide an aqueous dispersion that has high dispersion stability of
microcapsules and enables formation of a film having high hardness, a method for producing the aqueous dispersion,
and an image-forming method employing the aqueous dispersion.

[0012] Specific means for achieving the object includes the following aspects.

<1> An aqueous dispersion including:

a microcapsule including a core and a shell that has a three-dimensionally crosslinked structure including (a)
at least one selected from the group consisting of a urethane bond and a urea bond and (b) an anionic group
and a nonionic group as hydrophilic groups, wherein at least one of the shell or the core has a thermal-polym-
erizable group; and

water,

wherein the nonionic group is a group (W) represented by Formula (W) below.
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* RV\H__ 0O RWZ
nw Formula (W)

In Formula (W), RW1 represents an alkylene group that has 1 to 6 carbon atoms and that may be branched, RW2
represents an alkyl group that has 1 to 6 carbon atoms and that may be branched, nw represents an integer of 2 to
200, and * represents a linkage position.

<2> The aqueous dispersion according to <1>, wherein the three-dimensionally crosslinked structure includes at
least one of structures represented by Formulas (X1) to (X4) below.

(R?)
m
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In Formula (X1), RX1 represents a hydrogen atom or an alkyl group having 1 to 10 carbon atoms, A represents an
anionic group, and * represents a linkage position.

In Formula (X2), RX2 represents an alkyl group having 1 to 10 carbon atoms, A represents an anionic group, n
represents an integer of 1 to 5, m represents an integer of 0 to 4, m and n are in total an integer of 1 to 5, and *
represents a linkage position.

In Formula (X3), RX3 represents a hydrogen atom or an alkyl group having 1 to 10 carbon atoms, A represents an
anionic group, L represents a divalent linking group, and * represents a linkage position.

In Formula (X4), A represents an anionic group, L represents a divalent linking group, and * represents a linkage
position.

<3> The aqueous dispersion according to <1> or <2>, wherein the anionic group is at least one of a carboxy group
or a salt of a carboxy group.

<4> The aqueous dispersion according to any one of <1> to <3>, wherein an amount of the nonionic group relative
to a total solid content of the microcapsule is 1 mass% to 20 mass%.

<5> The aqueous dispersion according to any one of <1> to <4>, wherein an amount of the anionic group relative
to 1 g of a total solid content of the microcapsule is 0.2 mmol/g to 1.5 mmol/g.

<6> The aqueous dispersion according to any one of <1> to <56>, wherein N mass% representing an amount of the
nonionic group relative to a total solid content of the microcapsule, and A mmol/g representing an amount of the
anionic group relative to 1 g of the total solid content of the microcapsule satisfy a ratio of A to N of 0.02 to 0.15.
<7> The aqueous dispersion according to any one of <1> to <6>, wherein the core includes a thermal-polymerizable
compound.

<8> The aqueous dispersion according to any one of <1> to <7>, wherein a content of an anionic surfactant relative
to a total amount of the aqueous dispersion is 1 mass% or less.

<9> The aqueous dispersion according to any one of <1> to <8>, wherein an amount of a total solid content of the
microcapsule relative to a total solid content of the aqueous dispersion is 50 mass% or more.
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<10> The aqueous dispersion according to any one of <1> to <9>, being used as an ink-jet ink.
<11> A method for producing the aqueous dispersion according to any one of <1> to <10>, the method including:

mixing (a) an aqueous-phase component including water and (b) an oil-phase component including an organic
solvent, a tri- or higher functional isocyanate compound, and at least one of a thermal-polymerizable-group-
introduced isocyanate compound or a thermal-polymerizable compound, and performing emulsification to form
the microcapsule,

wherein at least one of Condition (x-1) or Condition (x-2) below is satisfied,

Condition (x-1): the oil-phase component includes an isocyanate compound to which the nonionic group is
introduced,

Condition (x-2): at least one of the oil-phase component or the aqueous-phase component includes a
compound having the nonionic group and an active hydrogen group; and

wherein at least one of Condition (y-1) or Condition (y-2) below is satisfied,

Condition (y-1): the oil-phase component includes an isocyanate compound to which the anionic group is
introduced,

Condition (y-2): at least one of the oil-phase component or the aqueous-phase component includes a
compound having the anionic group and an active hydrogen group.

<12> An image-forming method including:

applying the aqueous dispersion according to any one of <1>to <10> onto a recording medium; and
curing the aqueous dispersion applied on the recording medium by heating or irradiation with infrared radiation.

[0013] The present disclosure provides an aqueous dispersion that enables formation of a film having high hardness
and that has high dispersion stability of microcapsules, a method for producing the aqueous dispersion, and an image-
forming method employing the aqueous dispersion.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] Hereinafter, specific embodiments according to the present disclosure will be described in detail. However, the
present disclosure is not limited to the following embodiments at all.

[0015] In this Specification, ranges defined by a value "to" a value include these values as the minimum value and
the maximum value.

[0016] In this Specification, the amount of each component in a composition means, when the composition contains
a plurality of substances belonging to such a component, the total amount of the plurality of substances in the composition
unless otherwise specified.

[0017] In this Specification, the term "step" includes not only an independent step, but also a step that is not clearly
distinguished from another step but that achieves the intended result of the step.

[0018] In this Specification, "(meth)acrylic acid" is a concept that encompasses both of acrylic acid and methacrylic
acid; "(meth)acrylate" is a concept that encompasses both of acrylate and methacrylate; and "(meth)acryloyl group” is
a concept that encompasses both of an acryloyl group and a methacryloyl group.

Aqueous dispersion

[0019] The aqueous dispersion according to the present disclosure contains water and a microcapsule that includes
a core and a shell that has a three-dimensionally crosslinked structure including (a) at least one selected from the group
consisting of a urethane bond and a urea bond and (b) an anionic group and a nonionic group as hydrophilic groups,

wherein at least one of the shell or the core has a thermal-polymerizable group, wherein the nonionic group is a group
(W) represented by Formula (W) below.

nw Formula (W)
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[0020] In Formula (W),

RW1 represents an alkylene group that has 1 to 6 carbon atoms and that may be branched, RW2 represents an alkyl
group that has 1 to 6 carbon atoms and that may be branched, nw represents an integer of 2 to 200, and * represents
a linkage position.

[0021] The aqueous dispersion according to the present disclosure enables formation of a film having high hardness,
and has high dispersion stability of microcapsules.

[0022] The reason why the aqueous dispersion according to the present disclosure provides such advantages has
not been clearly found. However, the inventors of the present disclosure have inferred the reason as follows.

[0023] In the aqueous dispersion according to the present disclosure, the shells of the microcapsules contained as
dispersoid have a three-dimensionally crosslinked structure including an anionic group as a hydrophilic group (hereafter,
also simply referred to as the "anionic group"), a nonionic group as a hydrophilic group (hereafter, also simply referred
to as the "nonionic group"), and at least one selected from the group consisting of a urethane bond and a urea bond
(hereafter, also referred to as the "urethane bond etc.").

[0024] When the shells of the microcapsules have both of the anionic group and the nonionic group, compared with
a case where the shells have only one of the anionic group and the nonionic group, the dispersing effect due to the
anionic group and the dispersing effect due to the nonionic group synergistically provide marked improvements in the
dispersion stability of the microcapsules.

[0025] The shells of the microcapsules have, as the nonionic group, the above-described nonionic group that is the
group (W).

[0026] Hereafter, the nonionic group that is the group (W) will also be referred to as the "specified nonionic group".
[0027] The group (W) (specified nonionic group) is a monovalent group having a polyether structure one end of which
is blocked.

[0028] Compared with divalent groups having a polyether structure both ends of which are unblocked, the group (W)
provides a strong dispersing effect of the microcapsules. The probable reason for this is as follows. The group (W) has
a structure that tends to extend from the surface of the shell into the dispersion medium. This facilitates an increase in
the distance between microcapsules within the aqueous dispersion, compared with a divalent group having a polyether
structure both ends of which are unblocked. This mechanism probably causes the group (W) to provide a strong dispersing
effect of the microcapsules, compared with divalent groups having a polyether structure both ends of which are unblocked.
[0029] The microcapsules according to the present disclosure have a shell having a three-dimensionally crosslinked
structure including the urethane bond etc., and hence have a strong structure.

[0030] Inthe aqueous dispersion according to the presentdisclosure, such microcapsules each have a strong structure,
which suppresses aggregation or coalescence of microcapsules. This probably leads to higher dispersion stability of
the microcapsules.

[0031] The dispersion stability of the microcapsules is evaluated through evaluations of ejectability of the aqueous
dispersion through an ink jet head, and preservation stability of the aqueous dispersion (refer to EXAMPLES described
later). For example, the evaluation of ejectability enables evaluation of dispersion stability over a relatively short period
from production of the aqueous dispersion; the evaluation of preservation stability enables evaluation of dispersion
stability over a long period from production of the aqueous dispersion.

[0032] In contrast to the aqueous dispersion according to the present disclosure, microcapsules included in the ink
described in WO2015/158748A have a shell that has an anionic group such as a carboxy group, but that does not have
any nonionic group.

[0033] Therefore, the ink described in WO2015/158748A probably has lower dispersion stability of the microcapsules,
compared with the aqueous dispersion according to the present disclosure.

[0034] Inthe aqueous dispersion according to the present disclosure, the microcapsules have a thermal-polymerizable
group.

[0035] Thus, the aqueous dispersion according to the present disclosure is cured by heating or irradiation with infrared
radiation, in other words, has thermal curability. Hence, when the aqueous dispersion according to the present disclosure
is heated or irradiated with infrared radiation, a film having high hardness (for example, pencil hardness) is formed.
[0036] Preferred embodiments of the thermal-polymerizable group will be described later.

[0037] In contrast to the aqueous dispersion according to the present disclosure, the inks described in
WO02012/073563A, JP2012-246486A, and JP1996-60063A (JP-H08-60063A) are compositions that are not curable at
all. Therefore, films formed in accordance with the techniques described in these documents probably have low film
hardness, compared with films formed with the aqueous dispersion according to the present disclosure.

[0038] In the aqueous dispersion according to the present disclosure, the shells have a specified nonionic group
(namely, the group (W)), which provides higher hardness of the film. The probable reason for this is as follows.

[0039] A divalent group having a polyether structure both ends of which are unblocked tends to be positioned in the
main chain moiety of a chain polymer. By contrast, the specified nonionic group (namely, the group (W)), which is a
monovalent group having a polyether structure one end of which is blocked, tends to be positioned in the side chain
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moiety of the chain polymer. Thus, the group (W) is considered as a relatively mobile group, compared with the divalent
group having a polyether structure both ends of which are unblocked. As a result, during curing of the film (during heating
or during irradiation with infrared radiation), the group (W) has increased mobility, which promotes fusion between
microcapsules. This probably results in a further increase in the hardness of the film.

[0040] Asdescribed above,the aqueous dispersion according tothe presentdisclosure is cured by heating or irradiation
with infrared radiation, in other words, has thermal curability. Thus, the aqueous dispersion according to the present
disclosure enables formation of a film having high adhesion to a substrate.

[0041] Incidentally, the above-described inferences do not limit advantages of the present disclosure, but explain mere
examples of the advantages.

[0042] In the aqueous dispersion according to the present disclosure, the amount of the specified nonionic group
(namely, the group (W)) relative to the total solid content of the microcapsules is preferably 1 mass% to 20 mass%.
When the amount of the specified nonionic group satisfies this range, the microcapsules have even higher dispersion
stability.

[0043] The amount of the specified nonionic group is more preferably 5 mass% to 20 mass%.

[0044] In the aqueous dispersion according to the present disclosure, the amount of the anionic group relative to 1 g
of the solid content of the microcapsules is preferably 0.2 mmol/g to 1.5 mmol/g. When the amount of the anionic group
satisfies this range, the microcapsules have even higher dispersion stability.

[0045] The amount of the anionic group is more preferably 0.3 mmol/g to 1.3 mmol/g.

[0046] In the aqueous dispersion according to the present disclosure, N mass% representing the amount of the
specified nonionic group (namely, the group (W)) relative to the total solid content of the microcapsules, and A mmol/g
representing the amount of the anionic group relative to 1 g of the total solid content of the microcapsules preferably
satisfy a ratio of A to N (A/N) of 0.02 to 0.15. When the ratio (A/N) satisfies this range, the microcapsules have even
higher dispersion stability.

[0047] The ratio (A/N) is more preferably 0.02 to 0.11, still more preferably 0.03 to 0.10, particularly preferably 0.04
to 0.09.

[0048] The aqueous dispersion according to the present disclosure may be suitably used as a liquid for forming a film
(such as an image) on a substrate (such as a recording medium).

[0049] Examples of the liquid include inks (such as ink-jet inks) for forming images on substrates used as recording
media, and coating solutions (coating liquids) for forming coating films on substrates.

[0050] In particular, the aqueous dispersion according to the present disclosure is preferably used as an ink-jet ink.
When the aqueous dispersion according to the present disclosure is used as an ink-jet ink, images having high hardness
are formed. In addition, the aqueous dispersion according to the present disclosure has high dispersion stability, and
hence has high ejectability through ink jet heads. In addition, the aqueous dispersion according to the present disclosure
enables formation of images having high adhesion to recording media.

[0051] The ink-jet ink, which is one of applications of the aqueous dispersion according to the present disclosure, may
be an ink-jet ink containing a coloring material (hereafter, also referred to as a "color ink"), or an ink-jet ink not containing
coloring materials (what is called, clear ink; hereafter, also referred to as a "colorless ink").

[0052] The same applies to coating solutions, which are other applications of the aqueous dispersion according to the
present disclosure.

Substrate

[0053] Inthe presentdisclosure, the substrate on which a film is formed is not particularly limited, and may be selected
from publicly known substrates.

[0054] Examples of the substrate include paper, paper laminated with plastic (such as polyethylene, polypropylene,
or polystyrene), metal plates (plates of metals such as aluminum, zinc, or copper), plastic films [films of, for example,
polyvinyl chloride (PVC: Polyvinyl Chloride) resin, cellulose diacetate, cellulose triacetate, cellulose propionate, cellulose
butyrate, cellulose acetate butyrate, cellulose nitrate, polyethylene terephthalate (PET: Polyethylene Terephthalate),
polyethylene (PE: Polyethylene), polystyrene (PS: Polystyrene), polypropylene (PP: Polypropylene), polycarbonate (PC:
Polycarbonate), polyvinyl acetal, or acrylic resin], paper laminated with or vapor-deposition-coated with the foregoing
metals, and plastic films laminated with or vapor-deposition-coated with the foregoing metals.

[0055] The aqueous dispersion according to the present disclosure, which enables formation of films having high
adhesion to substrates, is particularly suitable for applications of forming films on unabsorptive substrates.

[0056] Preferred examples of the unabsorptive substrates include plastic substrates such as polyvinyl chloride (PVC)
substrates, polystyrene (PS) substrates, polycarbonate (PC) substrates, polyethylene terephthalate (PET) substrates,
polyethylene (PE) substrates, polypropylene (PP) substrates, and acrylic resin substrates.

[0057] The aqueous dispersion according to the present disclosure may also be used for applications of forming
images on substrates other than plastic substrates.



10

15

20

25

30

35

40

45

50

55

EP 3 564 318 A1

[0058] Examples of the substrates other than plastic substrates include textile substrates.

[0059] Examples of the raw materials of the textile substrates include natural fibers such as cotton, silk, hemp, and
wool; chemical fibers such as viscose rayon and lyocell; synthetic fibers such as polyester, polyamide, and acrylic; and
mixtures of at least two selected from the group consisting of natural fibers, chemical fibers, and synthetic fibers.
[0060] The textile substrates may be textile substrates described in Paragraphs 0039 to 0042 of WO2015/158592A.
[0061] Hereinafter, components of the aqueous dispersion according to the present disclosure will be described.

Microcapsule

[0062] A microcapsule contained in the aqueous dispersion according to the present disclosure includes a core and
a shell that has a three-dimensionally crosslinked structure including (a) at least one selected from the group consisting
of a urethane bond and a urea bond and (b) an anionic group and a specified nonionic group, wherein at least one of
the shell or the core has a thermal-polymerizable group.

[0063] Such microcapsules according to the present disclosure are constituted by an outermost shell having a three-
dimensionally crosslinked structure including at least one of a urethane bond or a urea bond, and a core that is a region
enclosed by the shell.

[0064] The presence of the microcapsules is confirmed by applying a microcapsule aqueous dispersion onto a support,
drying the dispersion to obtain a sample for observation of the form, subsequently cutting the sample, and observing
the cut section with an electron microscope, for example.

[0065] The aqueous dispersion according to the present disclosure may include only one kind of the microcapsules,
or may include two or more kinds of the microcapsules.

[0066] Such microcapsules are dispersoid in the dispersion of the present disclosure.

[0067] The microcapsules have, in at least one of the shell or the core, a thermal-polymerizable group.

[0068] When microcapsules have a thermal-polymerizable group, heating or irradiation with infrared radiation causes
adjacent microcapsules to be bonded together to form a crosslinked structure. Thus, the aqueous dispersion according
to the present disclosure enables formation of a film having a high degree of crosslinking and high hardness.

[0069] The thermal-polymerizable group included in atleast one of the shell or the core is preferably, from the viewpoint
of further improving film hardness, an epoxy group, an oxetanyl group, an aziridinyl group, an azetidinyl group, a ketone
group, an aldehyde group, or a blocked isocyanate group, more preferably an epoxy group or a blocked isocyanate
group, particularly preferably a blocked isocyanate group.

[0070] The microcapsules may contain only one kind of the thermal-polymerizable group, or may contain two or more
kinds of the thermal-polymerizable group.

[0071] The factthat the microcapsules have a thermal-polymerizable group can be confirmed by, for example, Fourier
transform infrared spectroscopy (FT-IR).

[0072] In the aqueous dispersion according to the present disclosure, the microcapsules may have the thermal-po-
lymerizable group in one of the core and the shell, or in both of them.

[0073] Fromthe viewpointoffilm hardness, more preferably, the core has the thermal-polymerizable group, specifically,
the core contains a thermal-polymerizable compound.

[0074] Such thermal-polymerizable compounds encompass wide-ranging compounds having a thermal-polymerizable

group.
Volume-average particle size of microcapsules

[0075] From the viewpoint of the dispersion stability of the microcapsules, the microcapsules preferably have a volume-
average particle size of 0.01 pm to 10.0 wm, more preferably 0.01 pum to 5 pum, still more preferably 0.05 pm to 1 pm.
[0076] Inthis Specification, the "volume-average particle size of microcapsules" is a value measured by a light scattering
method.

[0077] The light scattering method for measuring the volume-average particle size of microcapsules is performed with,
for example, LA-960 (HORIBA, Ltd.).

Microcapsule content

[0078] The microcapsule content of the aqueous dispersion according to the present disclosure relative to the total
amount of the aqueous dispersion is preferably 1 mass% to 50 mass%, more preferably 3 mass% to 40 mass%, still
more preferably 5 mass% to 30 mass%.

[0079] When the microcapsule content relative to the total amount of the aqueous dispersion is 1 mass% or more, the
film to be formed has higher hardness. When the microcapsule content relative to the total amount of the aqueous
dispersion is 50 mass% or less, higher dispersion stability of the microcapsules is provided.
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[0080] The total solid content of the microcapsules in the aqueous dispersion according to the present disclosure
relative to the total solid content of the aqueous dispersion is preferably 50 mass% or more, more preferably 60 mass%
or more, still more preferably 70 mass% or more, still more preferably 80 mass% or more, still more preferably 85 mass%
or more.

[0081] When the total solid content of the microcapsules relative to the total solid content of the aqueous dispersion
is 50 mass% or more, the film to be formed has higher hardness, and higher dispersion stability of the aqueous dispersion
is provided.

Shells of microcapsules

[0082] The shells of microcapsules (hereafter, also simply referred to as "shells") have a three-dimensionally
crosslinked structure including (a) at least one selected from the group consisting of a urethane bond and a urea bond
and (b) an anionic group as a hydrophilic group and a specified nonionic group as a hydrophilic group.

Three-dimensionally crosslinked structure

[0083] Inthe present disclosure, the "three-dimensionally crosslinked structure” is a three-dimensional network struc-
ture formed by crosslinking.

[0084] Whether the shells of microcapsules have a three-dimensionally crosslinked structure is determined in the
following manner. The following procedures are performed under a condition of a liquid temperature of 25°C.

[0085] When the aqueous dispersion contains no pigments, the aqueous dispersion is directly subjected to the following
procedures. When the aqueous dispersion contains a pigment, the aqueous dispersion is first centrifuged to remove the
pigment, and the aqueous dispersion from which the pigment has been removed is subjected to the following procedures.
[0086] A sampleisobtained from the aqueous dispersion. To the obtained sample, tetrahydrofuran (THF) in an amount
of 100 mass times the total solid content of the sample is added and mixed, to prepare a diluted solution. The obtained
diluted solution is centrifuged at 80000 rpm (round per minute; hereafter, this is the same) for 40 minutes. After the
centrifugation, visual inspection is performed as to whether or not residue is present. When residue is present, the
residue is re-dispersed in water to prepare a re-dispersed dispersion, and the obtained re-dispersed dispersion is sub-
jected to measurement of particle size distribution performed with a wet particle size distribution analyzer (LA-960,
HORIBA, Ltd.) by a light scattering method.

[0087] When these procedures are performed and particle size distribution is detected, the shells of the microcapsules
are regarded as having a three-dimensionally crosslinked structure.

[0088] The three-dimensionally crosslinked structure has at least one selected from the group consisting of a urethane
bond and a urea bond. The three-dimensionally crosslinked structure preferably has both of a urethane bond and a urea
bond.

[0089] The total amount of urethane bond and urea bond included relative to 1 g of shells having a three-dimensionally
crosslinked structure (mmol/g) is preferably 1 mmol/g to 10 mmol/g, more preferably 1.5 mmol/g to 9 mmol/g, particularly
preferably 2 mmol/g to 8 mmol/g.

[0090] The three-dimensionally crosslinked structures of the shells preferably include the following Structure (1).
[0091] The three-dimensionally crosslinked structures may include a plurality of the following Structures (1), and the
plurality of Structures (1) may have the same structure or different structures.
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3 Structure (1)

[0092] In Structure (1), X represents a (p + m + n)-valent organic group formed as a combination of at least two selected
from the group consisting of a hydrocarbon group that may have a cyclic structure, -NH-, >N-, -C(=0)-, -O-, and -S-.
[0093] In Structure (1), R!, R2, and R3 each independently represent a hydrocarbon group that has 5 to 15 carbon
atoms and that may have a cyclic structure.

[0094] In Structure (1), * represents a linkage position; p, m, and n are each 0 or more, and p + m + n is 3 or more.
[0095] The total molecular weight of X, R, R2, and R3 is preferably less than 2000, preferably less than 1500, more
preferably less than 1000. When the total molecular weight of X, R, R2 and R3 is less than 2000, a high enclosure ratio
can be achieved for compounds for being enclosed within the cores.

[0096] In the organic group represented by X, the hydrocarbon group is preferably a linear or branched hydrocarbon
group having 1 to 15 carbon atoms, more preferably a linear or branched hydrocarbon group having 1 to 10 carbon atoms.
[0097] The hydrocarbon group in the organic group represented by X and the hydrocarbon groups represented by R1,
R2, and R3 may have a cyclic structure, and examples of the cyclic structure include an alicyclic structure and an aromatic
ring structure.

[0098] Examples of the alicyclic structure include a cyclohexane ring structure, a bicyclohexane ring structure, a
bicyclodecane ring structure, an isobornane ring structure, a dicyclopentane ring structure, an adamantane ring structure,
and a tricyclodecane ring structure.

[0099] Examples of the aromatic ring structure include a benzene ring structure, a naphthalene ring structure, and a
biphenyl ring structure.

[0100] In Structure (1), pis 0 or more, preferably 1 to 10, more preferably 1 to 8, still more preferably 1 to 6, particularly
preferably 1 to 3.

[0101] In Structure (1), mis 0 or more, preferably 1 to 10, more preferably 1 to 8, still more preferably 1 to 6, particularly
preferably 1 to 3.

[0102] In Structure (1), nis 0 or more, preferably 1 to 10, more preferably 1 to 8, still more preferably 1 to 6, particularly
preferably 1 to 3.

[0103] In Structure (1), p + m + n is preferably an integer of 3 to 10, more preferably an integer of 3 to 8, still more
preferably an integer of 3 to 6.

[0104] The (p + m + n)-valent organic group represented by X is preferably a group represented by any one of the
following (X-1) to (X-12).
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[0105] In Formula (X-1) to Formula (X-12), n represents an integer of 1 to 200, preferably an integer of 1 to 50, more
preferably an integer of 1 to 15, particularly preferably an integer of 1 to 8.

[0106] In Formula (X-11) and Formula (X-12), * represents a linkage position.

[0107] In Formula (X-1) to Formula (X-10), Y represents the following (Y-1).

O

1

. /c\N/*Z (Y-1)
H

[0108] In (Y-1), *! represents a linkage position for S or O in Formula (X-1) to Formula (X-10), and *2 represents a
linkage position for R, R2, or R3in Structure (1).

[0109] In Structure (1), R, R2, and R3 each independently represent a hydrocarbon group that has 5 to 15 carbon
atoms and that may have a cyclic structure.

[0110] The hydrocarbon groups in R, R2, and R3 may have a substituent, and examples of the substituent include
hydrophilic groups described later that can be included in shells.

[0111] Preferably, R, R2, and R3 each independently represent a group represented by any one of the following (R-
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1) to (R-20) (hereafter, also referred to as Group (R-1) to Group (R-20)). In Group (R-1) to Group (R-20), * represents

a linkage position.

(R-9)

(R-2)

*
*/A\T/\ﬁ/»\v/ NN

(R-6)

(R-3)

(R-7)

(R-4)

NN
% *

(R-8)

(R-10)

(R-11)

(R-12)

(R-13)
[%i]\*

(R-17)

(R-14)

-

(R-18)

(R-15)

ﬁ?*

(R-19)

(R-16)

*ﬁ*

(R-20)

[0112] The content ratio of Structure (1) in the shells relative to the total mass of the shells is preferably 8 mass% to
100 mass%, more preferably 25 mass% to 100 mass%, still more preferably 50 mass% to 100 mass%.
[0113] The shells preferably include, as Structure (1), at least one structure of the following Structure (2), Structure

(3), or Structure (4).

1"



10

15

20

25

30

35

40

45

50

55

EP 3 564 318 A1

H O 0 0 Q
*—N— HoTl i H »-NH
HN—R3—N—C—0O O—C—N—R'™—NH ‘x
7
O:0
=
2,
I o
2
Z\
T % Structure (2)

[0114] In Structure (2), R, R2, and R3 each independently represent a hydrocarbon group that has 5 to 15 carbon
atoms and that may have a cyclic structure.
[0115] In Structure (2), the hydrocarbon groups represented by R', R2, and R3 have the same definition and the same
preferred range as in the hydrocarbon groups represented by R, R2, and R3 in Structure (1).
[0116] In Structure (2), * represents a linkage position.

*

N

HN

%o
3‘%

\

prd
=

prd

/
\f
prd

O X Structure (3)

[0117] In Structure (3), R', R2, and R3 each independently represent a hydrocarbon group that has 5 to 15 carbon
atoms and that may have a cyclic structure.

[0118] In Structure (3), the hydrocarbon groups represented by R', R2, and R3 have the same definition and the same
preferred range as in the hydrocarbon groups represented by R, R2, and R3 in Structure (1).

[0119] In Structure (3), * represents a linkage position.
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HN R2” \g SRI—NH

Xk Structure (4)

[0120] In Structure (4), R, R2, and R3 each independently represent a hydrocarbon group that has 5 to 15 carbon
atoms and that may have a cyclic structure.

[0121] In Structure (4), the hydrocarbon groups represented by R, R2, and R3 have the same definition and the same
preferred range as in the hydrocarbon groups represented by R, R2, and R3 in Structure (1).

[0122] In Structure (4), * represents a linkage position.

[0123] Specific examples of Structure (1) to Structure (4) include structures described in the following Table 1.

Table 1
Structure (1) Corresponding structure
X R? R2 R | p|ln|m
X-1 R-1 R-1 R-1 111 1 Structure (2)
X-1 R7 | R7 | R7 | 1 [ 1 1 Structure (2)
X-11 R-1 R-1 R-1 111 1 Structure (3)
X-11 R7 | R7 | R7 | 1 [ 1 1 Structure (3)
X122 | R7 | R7 | R7 | 1 |1 1 Structure (4)

[0124] The three-dimensionally crosslinked structures of the shells of microcapsules can be formed by, for example,
a reaction of a tri- or higher functional isocyanate compound or a bifunctional isocyanate compound, and water or a
compound having two or more active hydrogen groups.

[0125] In particular, when a raw material for producing the microcapsules includes at least one compound having three
or more reactive groups (isocyanate groups or active hydrogen groups), a crosslinking reaction more effectively proceeds
three-dimensionally, to form a three-dimensional network structure more effectively.

[0126] The three-dimensionally crosslinked structures of the shells of the microcapsules are preferably a product
formed by a reaction of water and a tri- or higher functional isocyanate compound.

Tri- or higher functional isocyanate compound

[0127] The tri- or higher functional isocyanate compound is a compound intramolecularly having three or more isocy-
anate groups.

[0128] Examples of the tri- or higher functional isocyanate compound include tri- or higher functional aromatic isocy-
anate compounds and tri- or higher functional aliphatic isocyanate compounds.

[0129] Inthepresentdisclosure, suchtri- orhigherfunctionalisocyanate compounds may be publicly known compounds
or compounds synthesized by methods described later.

[0130] Examples of the publicly known compounds include compounds described in "Polyurethane resin handbook"
(edited by Keiji IWATA, published by THE NIKKAN KOGYO SHIMBUN, LTD. (1987)).
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[0131] The tri- or higher functional isocyanate compound is preferably a compound intramolecularly having three or
more isocyanate groups, specifically, a compound represented by the following Formula (X).

X{NCO), Formula (X)
[0132] In Formula (X), X! represents an n-valent organic group.

[0133] In Formula (X), nis 3 or more; n is preferably 3 to 10, more preferably 3 to 8, still more preferably 3 to 6.
[0134] The compound represented by Formula (X) is preferably a compound represented by the following Formula (11).

n(OCN—~R&}»< LR Nco)p

(OON—YH

3 Formula (11)

[0135] In Formula (11), X, R, R2, R3, p, m, and n have the same definitions and the same preferred examples as in
X, R1, R2, R3, p, m, and n in Structure (1) above.

[0136] The tri- or higher functional isocyanate compound is preferably a compound derived from a bifunctional isocy-
anate compound (compound intramolecularly having two isocyanate groups).

[0137] More preferably, from the viewpoint of ease of formation of the three-dimensionally crosslinked structure, the
tri- or higher functional isocyanate compound is an isocyanate compound derived from at least one bifunctional isocyanate
compound selected from the group consisting of isophorone diisocyanate, hexamethylene diisocyanate, trimethylhex-
amethylene diisocyanate, 1,3-bis(isocyanatomethyl)cyclohexane, m-xylylene diisocyanate, and dicyclohexylmethane
4.4’-diisocyanate.

[0138] This term "derived" means that such a bifunctional isocyanate compound is used as the raw material, and a
structure derived from the bifunctional isocyanate compound is included.

[0139] Other preferred examples of the tri- or higher functional isocyanate compound include tri- or higher functional
isocyanate compounds (adduct type) provided as adducts (addition products) from a bifunctional isocyanate compound
(compound intramolecularly having two isocyanate groups) and a compound intramolecularly having three or more active
hydrogen groups (such as a tri- or higher functional polyol, a tri- or higher functional polyamine, or a tri- or higher functional
polythiol); tri- or higher functional isocyanate compounds that are trimers of a bifunctional isocyanate compound (biuret
type or isocyanurate type); and compounds intramolecularly having three or more isocyanate groups such as benzene
isocyanate-formalin condensate.

[0140] Such a tri- or higher functional isocyanate compound may be a mixture including a plurality of compounds; the
mixture preferably includes, as a main component, a compound represented by the following Formula (11A) or Formula
(11B), and may include other components.

Adduct type

[0141] The adduct-type tri- or higher functional isocyanate compounds are preferably compounds represented by the
following Formula (11A) or Formula (11B).
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Formula (11B)

[0142] In Formula (11A) and Formula (11B), X2 is a (p + m + n)-valent organic group, p, m, and n are each 0 or more,
andp+m +nis 3 or more.

[0143] In Formula (11A) and Formula (11B), X3 to X1 each independently represent O, S, or NH.

[0144] In Formula (11A) and Formula (11B), R! to R® each independently represent a divalent organic group.
[0145] In Formula (11A) and Formula (11B), Z represents a divalent organic group.

[0146] In Formula (11A) and Formula (11B), X2 is preferably a (p + m + n)-valent organic group that is a combination
of at least two selected from the group consisting of a hydrocarbon group that may have a cyclic structure, -NH-, >N-,
-C(=0)-, -O-, and -S-.

[0147] InFormula(11A)and Formula (11B), p + m + nis preferably 3 to 10, more preferably 3 to 8, still more preferably
3to 6.

[0148] InFormula(11A)and Formula (11B), X3to X'! each independently represent preferably O or S, more preferably
0.

[0149] In Formula (11A) and Formula (11B), R! to R® each independently represent preferably a hydrocarbon group
that has 5 to 15 carbon atoms and that may have a cyclic structure.

[0150] In Formula (11A) and Formula (11B), R! to R® each independently have preferred examples the same as the
preferred examples of R in Structure (1).

[0151] InFormula(11A)and Formula (11B), when X2is a hydrocarbon group that may have a cyclic structure, examples
of the cyclic structure include an alicyclic structure and an aromatic ring structure.

[0152] Examples of the alicyclic structure include a cyclohexane ring structure, a bicyclohexane ring structure, a
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bicyclodecane ring structure, an isobornane ring structure, a dicyclopentane ring structure, an adamantane ring structure,
and a tricyclodecane ring structure.

[0153] Examples of the aromatic ring structure include a benzene ring structure, a naphthalene ring structure, and a
biphenyl ring structure.

[0154] In Formula (11A) and Formula (11B), when R to R® are hydrocarbon groups that have 5 to 15 carbon atoms
and that may have a cyclic structure, examples of the cyclic structure include an alicyclic structure and an aromatic ring
structure.

[0155] Examples of the alicyclic structure include a cyclohexane ring structure, a bicyclohexane ring structure, a
bicyclodecane ring structure, an isobornane ring structure, a dicyclopentane ring structure, an adamantane ring structure,
and a tricyclodecane ring structure.

[0156] Examples of the aromatic ring structure include a benzene ring structure, a naphthalene ring structure, and a
biphenyl ring structure.

[0157] In Formula (11A) and Formula (11B), the (p + m + n)-valent organic group represented by X2 is preferably a
group represented by any one of the following (X2-1) to (X2-10).

N * N Vs
*
(X2—1) —
2=zl (X2—3)
* *

b A

(X2—4) (X2-5)

O N_O
NS 0 S
*/\/N\[\/N\/\* O *
o
(X2—8)
(X2—-6) (X2—7)
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[0158] In Formula (X2-1) to Formula (X2-10), n represents an integer of 1 to 200, preferably an integer of 1 to 50,
more preferably an integer of 1 to 15, particularly preferably an integer of 1 to 8.

[0159] In Formula (X2-1) to Formula (X2-10), * represents a linkage position.

[0160] In Formula (11B), the divalent organic group represented by Z is preferably a hydrocarbon group, a group
having a polyoxyalkylene structure, a group having a polycaprolactone structure, a group having a polycarbonate struc-
ture, or a group having a polyester structure.

[0161] The hydrocarbon group in Z may be a linear hydrocarbon group, a branched hydrocarbon group, or a cyclic
hydrocarbon group.

[0162] The hydrocarbon group in Z preferably has 2 to 30 carbon atoms.

[0163] In Formula (11A) and Formula (11B), R? to R® preferably each independently represent Group (R-1) to Group
(R-20) above.

[0164] In Formula (11A)and Formula (11B), R to R® more preferably each independently represent any one of Group
(R-3) derived from isophorone diisocyanate (IPDI), Group (R-7) derived from hexamethylene diisocyanate (HDI), Group
(R-5) derived from trimethylhexamethylene diisocyanate (TMHDI), Group (R-9) derived from m-xylylene diisocyanate
(XDI), Group (R-1) derived from 1,3-bis(isocyanatomethyl)cyclohexane, and Group (R-2) derived from dicyclohexyl-
methane 4,4’-diisocyanate.

[0165] The compound represented by General Formula (11A) is preferably a compound represented by the following
Formula (11A-1).

H © O
. i H
OCN—R3—N—C—0 O—C—N—R'—NCO

O

=0

L

OON—zY

Formula (11A-1)

[0166] In Formula (lIA-1), R', R2, and R3 have the same definitions and the same preferred examples as in R, R2,
and R3 in Formula (11A).

[0167] The adduct-type tri- or higher functional isocyanate compound can be synthesized by a reaction between a
compound intramolecularly having three or more active hydrogen groups described later and a bifunctional isocyanate
compound described later.

[0168] In this Specification, the active hydrogen group means a hydroxy group, a primary amino group, a secondary
amino group, or a mercapto group.
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[0169] The adduct-type tri- or higher functional isocyanate compound can be obtained in the following manner: for
example, a compound intramolecularly having three or more active hydrogen groups and a bifunctional isocyanate
compound are, in an organic solvent, heated (at 50°C to 100°C) under stirring, or stirred at low temperature (0°C to
70°C) with addition of a catalyst such as stannous octylate.

[0170] In general, regarding the number of moles (the number of molecules) of a bifunctional isocyanate compound
used to react with a compound intramolecularly having three or more active hydrogen groups, the number of moles (the
number of molecules) of the bifunctional isocyanate compound is 0.6 or more times the number of moles of active
hydrogen groups (the number of equivalents of active hydrogen groups) of the compound intramolecularly having three
or more active hydrogen groups. The number of moles of the bifunctional isocyanate compound is preferably 0.6 times
to 5 times, more preferably 0.6 times to 3 times, still more preferably 0.8 times to 2 times the number of moles of the
active hydrogen groups.

[0171] Alternatively, the adduct-type tri- or higher functional isocyanate compound can be obtained by synthesizing
an addition product (prepolymer) from a compound intramolecularly having two active hydrogen groups and a bifunctional
isocyanate compound, and subsequently causing a reaction between this prepolymer and a compound intramolecularly
having three or more active hydrogen groups.

[0172] Examples of the bifunctional isocyanate compound include a bifunctional aromatic isocyanate compound and
a bifunctional aliphatic isocyanate compound.

[0173] Specific examples of the bifunctional isocyanate compound include isophorone diisocyanate (IPDI), m-phe-
nylene diisocyanate, p-phenylene diisocyanate, 2,6-tolylene diisocyanate, 2,4-tolylene diisocyanate (TDI), naphthalene-
1,4-diisocyanate, diphenylmethane-4,4’-diisocyanate (MDI), 3,3’-dimethoxy-biphenyl diisocyanate, 3,3’-dimethyldiphe-
nylmethane-4,4’-diisocyanate, m-xylylene diisocyanate (XDI), p-xylylene diisocyanate, 4-chloroxylylene-1,3-diisocy-
anate, 2-methylxylylene-1,3-diisocyanate, 4,4’-diphenylpropane diisocyanate, 4,4’-diphenylhexafluoropropane diisocy-
anate, trimethylene diisocyanate, hexamethylene diisocyanate (HDI), propylene-1,2-diisocyanate, butylene-1,2-diisocy-
anate, cyclohexylene-1,2-diisocyanate, cyclohexylene-1,3-diisocyanate, cyclohexylene-1,4-diisocyanate, dicyclohexyl-
methane-4,4’-diisocyanate, 1,4-bis(isocyanatomethyl)cyclohexane, 1,3-bis(isocyanatomethyl)cyclohexane (HXDI), nor-
bornene diisocyanate (NBDI), trimethylhexamethylene diisocyanate (TMHDI), lysine diisocyanate, and 1,3-bis(2-isocy-
anato-2-propyl)benzene.

[0174] Preferred bifunctional isocyanate compounds are compounds having structures represented by the following
(I-1) to (1-24).

L J.nco
SAs U0 oy oL O
o CN”H\”; LAy o A o “nco  OCN Ao OO \(/‘Nco 1’
MDI ~“NCO
=1 (-2) -3 (1—4) (1—5)
cl <l

\ ! \
Pasa = \~>___&
ocN{ L NCO OCN—-(_\‘_j@NCO OCN— \ g/ NCO

(1-6) 1-7) (1-8)

NCO A TCO

by C Y oY
0y \r';] [ f‘ﬁ*nw ) OCN— § s >~Nco
SEUNCO NCO fico o\

— 3

(1-9) (=10 a—11) 1—12)
/L NCO L

h ‘«‘!f QCN .- S _NCO OCN \/ \l

| - NCO

NCO

TDI TDI (1—15)

(I—13 (1I—14)

i
. —— o o

v

One of these, or mixture of these
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TMHDI

[0175] Of these, the bifunctional isocyanate compound is particularly preferably at least one compound selected from
the group consisting of isophorone diisocyanate (IPDI), hexamethylene diisocyanate (HDI), trimethylhexamethylene
diisocyanate (TMHDI), 1,3-bis(isocyanatomethyl)cyclohexane (HXDI), m-xylylene diisocyanate (XDI), and dicyclohexy-
Imethane-4,4’-diisocyanate (HMDI).

[0176] The bifunctional isocyanate compound may be bifunctional isocyanate compounds derived from the above-
described compounds. Examples include DURANATE (registered trademark) D101, D201, and A101 (all from Asahi
Kasei Corporation).

[0177] The compound intramolecularly having three or more active hydrogen groups is a compound intramolecularly
having three or more groups of at least one selected from the group consisting of a hydroxy group, a primary amino
group, a secondary amino group, and a mercapto group; examples include compounds having structures represented
by the following (H-1) to (H-13). Incidentally, in the following structures, n represents an integer selected from the group
consisting of 1 to 100.

Ho - Ho
o n g
Ny /L},
N ol
HO. o Ho‘v/\NL”‘vOH P \%AO{\ o r})\H /\k\og«\ T/O\%{H
’/\{’/\OH HO™ \23 ., \% . %
OH ’ \8) . g/
(H=1) (H—2) {(H—3) .Tg’\H ,:,r:aH
(H—4) (H—5)
HS.
Lo
CH HO. i L, OH o o
] o T PR . OH
o ffl o by J\\T . I s \} O SH HNL g
YO [ 1 A OH 0
o My Nmon Ho oM \/ET o0 OH
© LSH
(H—6) (H=7) (H—8) (H—9) (H—10)
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“SH
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The adduct-type tri- or higher functional isocyanate compound is preferably a compound obtained by, in ac-

cordance with a combination described in the following Table 2, a reaction between a compound intramolecularly having
two or more active hydrogen groups and a bifunctional isocyanate compound.

Table 2
Polyisocyanate structure Composition
Compound
. . having two or Bifunctional
. . Bifunctional . .
Compound Compound having two or more active . more active isocyanate
isocyanate
No. hydrogen groups hydrogen compound (mol
compound .
groups (mol equivalent)
equivalent)
2,4-tolylene
NCO 101 diisocyanate (TDI) ! 4
m-xylylene
NCO 102 diisocyanate (XDI) ! 4
e} hexamethylene
NCO 103 /\\KOH diisocyanate (HDI) ! 4
OH
trimethylolpropane o ;r’;'tt;';eth |
NCO 104 (isocy vl) 1 4
cyclohexane
(HXDI)
isophorone
NCO 105 diisocyanate (IPDI) ! 4
oH hexamethylene
NCO 106 @ diisocyanate (HDI) ! 4
O™ ~"0H .
— isophorone
NCO 107 1,3,5-trihydroxybenzene diisocyanate (IPDI) ! 4
- 1,3-bis
NCO 108 \d\= (isocyanatomethyl) 1 5
HO o oot cyclohexane
S (HXDI)
QH .
NCO 109 pentaerythritol ethylene oxide isophorone 1 5

diisocyanate (IPDI)
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(continued)
Polyisocyanate structure Composition
Compound
Bifunctional having two or Bifunctional
Compound Compound having two or more active isocvanate more active isocyanate
No. hydrogen groups y hydrogen compound (mol
compound .
groups (mol equivalent)
equivalent)
- hexamethylene
HS. H
NCO 110 0159 OJZ diisocyanate (HDI) ! 7
HS/\)\OA}"O o™~
o]
o
NCO 111 m_@j oiu isophorone 1 7
dipentaerythritol hexakis(3- | diisocyanate (IPDI)
mercaptopropionate)
NCO 112 HO_~p ~_OH hexamethylene 1 4
diisocyanate (HDI)
OH isophorone
NCO 113 . . . 1 4
triethanolamine diisocyanate (IPDI)

[0179] Of the compounds in Table 2 above, the adduct-type tri- or higher functional isocyanate compound is more
preferably NCO 102 to NCO 105, NCO 107, NCO 108, NCO 111, and NCO 113.

[0180] The adduct-type tri- or higher functional isocyanate compound may be a commercially available product on the
market.

[0181] Examples of the commercially available product include TAKENATE (registered trademark) D-102, D-103, D-
103H, D-103M2, P49-75S, D-110N, D-120N, D-140N, D-160N (all from Mitsui Chemicals, Inc.), DESMODUR (registered
trademark) L75, UL57SP (Sumika Bayer Urethane Co., Ltd.), CORONATE (registered trademark) HL, HX, L (Nippon
Polyurethane Industry Co., Ltd.), and P301-75E (Asahi Kasei Corporation).

[0182] In particular, the adduct-type tri- or higher functional isocyanate compound is more preferably at least one
selected from the group consisting of TAKENATE (registered trademark) D-110N, D-120N, D-140N, and D-160N from
Mitsui Chemicals, Inc.

Biuret type or isocyanurate type

[0183] The isocyanurate-type tri- or higher functional isocyanate compound is preferably a compound represented by
the following Formula (11C).

[0184] The biuret-type tri- or higher functional isocyanate compound is preferably a compound represented by the
following Formula (11D).

NCO
TS/ RS/NCO
O.._.N_.O i
Z/N\H/N\* ’ N_N -
Formula (11C) Formula (11D)

[0185] In Formula (11C) and Formula (11D), R, R2, and R3 each independently represent a divalent organic group.
[0186] In Formula (11C) and Formula (11D), preferably, R, R2, and R3 each independently represent an alkylene
group that may have a substituent having 1 to 20 carbon atoms, a cycloalkylene group that may have a substituent
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having 1 to 20 carbon atoms, or an arylene group that may have a substituent having 1 to 20 carbon atoms.

[0187] In Formula (11C) and Formula (11D), particularly preferably, R, R2, and R3 each independently represent a
group selected from the group consisting of the above-described groups represented by (R-1) to (R-20).

[0188] In Formula (11C)and Formula (11D), R to R3 more preferably each independently represent any one of Group
(R-3) derived from isophorone diisocyanate (IPDI), Group (R-7) derived from hexamethylene diisocyanate (HDI), Group
(R-5) derived from trimethylhexamethylene diisocyanate (TMHDI), Group (R-9) derived from m-xylylene diisocyanate
(XDI), Group (R-1) derived from 1,3-bis(isocyanatomethyl)cyclohexane, and Group (R-2) derived from dicyclohexyl-
methane 4,4’-diisocyanate.

[0189] The isocyanurate-type tri- or higher functional isocyanate compound may be a commercially available product
on the market.

[0190] Examples of the commercially available product include TAKENATE (registered trademark) D-127N, D-170N,
D-170HN, D-172N, D-177N (all from Mitsui Chemicals, Inc.), SUMIDUR N3300, DESMODUR (registered trademark)
N3600, N3900, Z4470BA (all from Sumika Bayer Urethane Co., Ltd.), CORONATE (registered trademark) HX, HK (all
from Nippon Polyurethane Industry Co., Ltd.), DURANATE (registered trademark) TPA-100, TKA-100, TSA-100, TSS-
100, TLA-100, and TSE-100 (all from Asahi Kasei Corporation).

[0191] Of these, more preferred examples of the isocyanurate-type tri- or higher functional isocyanate compound
include at least one selected from the group consisting of TAKENATE (registered trademark) D-127N from Mitsui Chem-
icals, Inc., and DURANATE (registered trademark) TKA-100, TSS-100, and TSE-100 from Asahi Kasei Corporation.
[0192] The biuret-type tri- or higher functional isocyanate compound may be a commercially available product on the
market.

[0193] Examples of the commercially available product include TAKENATE (registered trademark) D-165N, NP1100
(all from Mitsui Chemicals, Inc.), DESMODUR (registered trademark) N3200 (Sumika Bayer Urethane Co., Ltd.), and
DURANATE (registered trademark) 24A-100 (Asahi Kasei Corporation).

[0194] Of these, more preferred examples of the biuret-type tri- or higher functional isocyanate compound include
DURANATE (registered trademark) 24A-100 (Asahi Kasei Corporation).

[0195] Of the biuret-type or isocyanurate-type tri- or higher functional isocyanate compounds, more preferred are
DURANATE (registered trademark) 24A-100 (manufactured by Asahi Kasei Corporation), D-120N, D-127 (manufactured
by Mitsui Chemicals, Inc.), TKA-100, TSS-100, and TSE-100 (manufactured by Asahi Kasei Corporation).

[0196] The isocyanate-group content relative to 1 g of the tri- or higher functional isocyanate compound (unit: mmol/g)
is preferably 1 mmol/g to 10 mmol/g, more preferably 1.5 mmol/g to 8 mmol/g, still more preferably 2 mmol/g to 6 mmol/g.
[0197] The isocyanate-group content can be calculated in the following manner: a target isocyanate compound is
dissolved in dehydrated toluene, subsequently caused to react with an excess of a di-n-butylamine solution added; the
remaining di-n-butylamine is subjected to back titration with hydrochloric acid; and, from the titer at the inflection point
on the titration curve, the isocyanate-group content can be calculated.

[0198] More specifically, the calculation is performed by the following method.

[0199] Neutralization titration is performed with a potentiometric titrator (AT-510, manufactured by Kyoto Electronics
Manufacturing Co., Ltd.) at 25°C with a 1 mol/L aqueous solution of hydrochloric acid in accordance with the following
methods of blank measurement and sample measurement. From the obtained titers Z1 and Z2, the isocyanate-group
content can be calculated with the following Formula (N).

Isocyanate-group content (mmol/g) = (Z1 - Z2)/(W x Y) Formula (N)

[0200] In Formula (N), Z1 represents the titer of a blank, Z2 represents the titer of a sample, W represents the solid
content of the sample, and Y represents the mass of the sample.

Blank measurement

[0201] To a 100 mL beaker, 10 mL of dehydrated toluene, 10.0 mL of a 2 mol/L di-n-butylamine solution, and 50 mL
of isopropyl alcohol are added and mixed to prepare a mixed solution. This mixed solution is subjected to neutralization
titration with a 1 mol/L hydrochloric acid solution. The end point is taken as the inflection point on the titration curve, and
titer Z1 (mL) to the end point is determined.

Sample measurement

[0202] A sample having a solid content of W mass% (isocyanate compound, Y g) is sampled to a 100 mL beaker. To
this beaker, 20 (mL) of dehydrated toluene is added to dissolve the sample, to prepare a solution. To this solution, 10.0
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mL of a 2 mol/L di-n-butylamine solution is added, and the solution is mixed and subsequently left to stand for 20 or
more minutes. To the solution having been left to stand, 50 mL of isopropyl alcohol is added. Subsequently, neutralization
titration is performed with a 1 mol/L hydrochloric acid solution. The end pointis taken as the inflection point on the titration
curve, and titer Z2 (mL) to the end point is determined.

Water or compound having two or more active hydrogen groups

[0203] The shells ofthe microcapsules can be formed by areaction between the above-described tri- or higher functional
isocyanate compound and water or a compound having two or more active hydrogen groups.

[0204] The compound generally used to react with the tri- or higher functional isocyanate compound is water. The
reaction between the tri- or higher functional isocyanate compound and water results in formation of a three-dimensionally
crosslinked structure having a urea bond.

[0205] Alternatively, another compound (other than water) that may be used to react with the tri- or higher functional
isocyanate compound is a compound having two or more active hydrogen groups.

[0206] Examples of such an active hydrogen group include a hydroxy group, amino groups (primary amino groups
and secondary amino groups), and a mercapto group (namely, a thiol group).

[0207] Examples of the compound having two or more active hydrogen groups include polyfunctional alcohols, poly-
functional phenols, polyfunctional amines having hydrogen atoms on nitrogen atoms, and polyfunctional thiols.

[0208] A reaction between the tri- or higher functional isocyanate compound and a polyfunctional alcohol or a poly-
functional phenol results in formation of a three-dimensionally crosslinked structure having a urethane bond.

[0209] A reaction between the tri- or higher functional isocyanate compound and a polyfunctional amine having hy-
drogen atoms on nitrogen atoms results in formation of a three-dimensionally crosslinked structure having a urea bond.
[0210] Specific examples of the polyfunctional alcohols include propylene glycol, glycerol, trimethylolpropane, and
4.4’ 4"-trihydroxytriphenylmethane.

[0211] Specific examples of the polyfunctional amines include diethylenetriamine, and tetraethylenepentamine.
[0212] Specific examples of the polyfunctional thiols include 1,3-propanedithiol and 1,2-ethanedithiol.

[0213] Specific examples of the polyfunctional phenols include bisphenol A.

[0214] Such compounds having two or more active hydrogen groups may be used alone or in combination of two or
more thereof.

[0215] Incidentally, the compound having two or more active hydrogen groups also includes the above-described
compound intramolecularly having three or more active hydrogen groups.

Specified nonionic group as hydrophilic group

[0216] The three-dimensionally crosslinked structures of the shells have, as the specified nonionic group that is a
hydrophilic group, the following group (W). As described above, this provides higher dispersion stability of the aqueous
dispersion and higher curability of the film.

[0217] The three-dimensionally crosslinked structures of the shells may have only one kind of the group (W), or may
have two or more kinds of the group (W).

s RW1 —0 RW 2
nw Formula (W)

[0218] In Formula (W),

RW1 represents an alkylene group that has 1 to 6 carbon atoms and that may be branched, RW2 represents an alkyl
group that has 1 to 6 carbon atoms and that may be branched, nw represents an integer of 2 to 200, and * represents
a linkage position.

[0219] In Formula (W), in RW1, the number of carbon atoms of the alkylene group that has 1 to 6 carbon atoms and
that may be branched is preferably 2 to 4, more preferably 2 or 3, particularly preferably 2 (specifically, RW1is an ethylene
group).

[0220] In Formula (W), in RW2, the number of carbon atoms of the alkyl group that has 1 to 6 carbon atoms and that
may be branched is preferably 1 to 4, particularly preferably 1 (specifically, RV2 is a methyl group).

[0221] In Formula (W), nw represents an integer of 2 to 200; however, nw is preferably an integer of 10 to 200,
preferably an integer of 10 to 150, more preferably an integer of 20 to 150, particularly preferably an integer of 20 to 100.
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[0222] The shells may have, in addition to the specified nonionic group, a nonionic group other than specified nonionic
groups (such as a divalent group having a polyether structure both ends of which are unblocked).

[0223] From the viewpoint of more effectively providing advantages of the aqueous dispersion according to the present
disclosure, in the shells, the content ratio of the specified nonionic group to all the nonionic groups is preferably 50
mass% to 100 mass%, more preferably 70 mass% to 100 mass%, particularly preferably 80 mass% to 100 mass%.
[0224] The specified nonionic group (namely, the group (W)) can be introduced into the shells by a reaction of the
above-described tri- or higher functional isocyanate compound, atleast one of a compound having the specified nonionic
group and an active hydrogen group or a specified-nonionic-group-introduced isocyanate compound, and water or a
compound having two or more active hydrogen groups.

[0225] The specified-nonionic-group-introduced isocyanate compound can be produced by, for example, a reaction
of a bi- or higher functional isocyanate compound and a compound having the specified nonionic group and an active
hydrogen group.

Compound having specified nonionic group and active hydrogen group

[0226] The compound having the specified nonionic group and an active hydrogen group may have only a single
specified nonionic group, or two or more specified nonionic groups.

[0227] The compound having the specified nonionic group and an active hydrogen group may have only a single active
hydrogen group, or two or more active hydrogen groups.

[0228] The compound having the specified nonionic group and an active hydrogen group is preferably at least one
compound selected from the group consisting of monoethers of polyethylene oxide (such as monomethyl ether and
monoethyl ether) and monoesters of polyethylene oxide (such as monoacetate and mono(meth)acrylate).

Specified-nonionic-group-introduced isocyanate compound

[0229] As described above, the specified nonionic group can be introduced into the shells also by using a specified-
nonionic-group-introduced isocyanate compound.

[0230] The specified nonionic group introduced into the isocyanate compound may be only a single group or two or
more groups.

[0231] The specified-nonionic-group-introduced isocyanate compound is preferably a reaction product prepared from
a compound having the specified nonionic group and an active hydrogen group, a compound having two or more active
hydrogen groups, and a bifunctional isocyanate compound (particularly preferably, isophorone diisocyanate (IPDI),
hexamethylene diisocyanate (HDI), trimethylhexamethylene diisocyanate (TMHDI), 1,3-bis(isocyanatomethyl)cyclohex-
ane (HXDI), m-xylylene diisocyanate (XDI), or dicyclohexylmethane-4,4'-diisocyanate (HMDI)); or a reaction product of
a compound having the specified nonionic group and an active hydrogen group and a bifunctional isocyanate compound.
[0232] When the specified nonionic group is introduced into the shells, the specified-nonionic-group-introduced iso-
cyanate compound is preferably an addition product prepared from a compound having two or more active hydrogen
groups, a bifunctional isocyanate compound, and a compound having the specified nonionic group and an active hydrogen
group.

[0233] Preferred examples of the compound having two or more active hydrogen groups and the bifunctionalisocyanate
compound are described above.

[0234] The compound having the specified nonionic group (namely, the group (W)) and an active hydrogen group is
preferably a compound represented by the following Formula (WM).

Ho— RW—04-RW2
nw Formula (WM)

[0235] In Formula (WM), RW1 RW2 and nw have the same definitions and the same preferred examples as in the
above-described RW1, RW2 and nw in Formula (W).

[0236] The addition product prepared from a compound having two or more active hydrogen groups, a bifunctional
isocyanate compound, and a compound having the specified nonionic group and an active hydrogen group is preferably
an addition product prepared from trimethylolpropane (TMP), m-xylylene diisocyanate (XDI), and polyethylene glycol
monomethyl ether (EO) (for example, TAKENATE (registered trademark) D-116N from Mitsui Chemicals, Inc.).

[0237] When a hydrophilic group is introduced into the shells by using a compound having the specified nonionic group
and an active hydrogen group, the amount of the compound having the specified nonionic group and an active hydrogen
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group used relative to the total solid content of the microcapsules is preferably 0.1 mass% to 50 mass%, more preferably
0.1 mass% to 45 mass%, still more preferably 0.1 mass% to 40 mass%, still more preferably 1 mass% to 35 mass%,
still more preferably 3 mass% to 30 mass%.

[0238] In the specified-nonionic-group-introduced isocyanate compound, the average functional-group number of iso-
cyanate groups may be 3 or less. However, even in this case, as long as the raw materials for forming the shells include
at least one tri- or higher functional isocyanate compound, the shells having a three-dimensionally crosslinked structure
can be formed.

Anionic group as hydrophilic group

[0239] The three-dimensionally crosslinked structures of the shells have at least one anionic group as a hydrophilic
group.

[0240] From the viewpoint of providing microcapsules having higher dispersion stability, the anionic group is preferably
at least one selected from the group consisting of a carboxy group, a salt of a carboxy group, a sulfo group, a salt of a
sulfo group, a phosphoric acid group, a salt of a phosphoric acid group, a phosphonic acid group, a salt of a phosphonic
acid group, a sulfuric acid group, and a salt of a sulfuric acid group.

[0241] Such"salts" are preferably alkali metal salts or organic amine salts, more preferably alkali metal salts, particularly
preferably sodium salts or potassium salts.

[0242] Ofthese, the anionic group is preferably, from the viewpoint of the dispersion stability of microcapsules, at least
one selected from the group consisting of a carboxy group, a salt of a carboxy group, a sulfo group, a salt of a sulfo
group, a phosphoric acid group, and a salt of a phosphoric acid group, more preferably at least one selected from the
group consisting of a carboxy group and a salt of a carboxy group.

[0243] From the viewpoint of ease of introduction of an anionic group into the shells (three-dimensionally crosslinked
structures), the three-dimensionally crosslinked structures of the shells preferably include, as a structure including an
anionic group, at least one of structures represented by the following Formulas (X1) to (X4) (hereafter, also referred to
as Structures (X1) to (X4)).

(rR)
m
x1 9 \/\ o ¥
~ N oY
H H n
A A
Formula (X1) Formula (X2)

RX3

o
H 9 H H O H
N~ N—— —N—L—N—x

I O
H H
| A—L—N—-L-N— *
A
Formula (X3) Formula (X4)

[0244] In Formula (X1), RX! represents a hydrogen atom or an alkyl group having 1 to 10 carbon atoms, A represents
an anionic group, and * represents a linkage position.

[0245] In Formula (X2), RX2 represents an alkyl group having 1 to 10 carbon atoms, A represents an anionic group,
n represents an integer of 1 to 5, m represents an integer of 0 to 4, m and n are in total an integer of 1 to 5, and *
represents a linkage position.

[0246] In Formula (X3), RX3 represents a hydrogen atom or an alkyl group having 1 to 10 carbon atoms, A represents
an anionic group, L represents a divalent linking group, and * represents a linkage position.

[0247] InFormula (X4), Arepresents an anionic group, L represents a divalent linking group, and * represents a linkage
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position.

[0248] In Formula (X1), RX! represents a hydrogen atom or an alkyl group having 1 to 10 carbon atoms.

[0249] In RX1, the alkyl group having 1 to 10 carbon atoms may be a linear alkyl group, a branched alkyl group, or an
alkyl group having an alicyclic structure (such as a cycloalkyl group).

[0250] In RX1, examples of the alkyl group having 1 to 10 carbon atoms include a methyl group, an ethyl group, a
propyl group, a butyl group, and a cyclohexyl group.

[0251] In RX1, the alkyl group having 1 to 10 carbon atoms preferably has 1 to 6 carbon atoms.

[0252] In particular, RX!is preferably a hydrogen atom or an alkyl group having 1 to 6 carbon atoms.

[0253] InFormula(X1), the anionic group represented by A is preferably at least one selected from the group consisting
of a carboxy group, a salt of a carboxy group, a sulfo group, a salt of a sulfo group, a phosphoric acid group, a salt of a
phosphoric acid group, a phosphonic acid group, a salt of a phosphonic acid group, a sulfuric acid group, and a salt of
a sulfuric acid group; more preferably at least one selected from the group consisting of a carboxy group, a salt of a
carboxy group, a sulfo group, a salt of a sulfo group, a phosphoric acid group, and a salt of a phosphoric acid group;
particularly preferably at least one selected from the group consisting of a carboxy group and a salt of a carboxy group.
[0254] In the preferred examples of the anionic group represented by A, such "salts" are preferably alkali metal salts
or organic amine salts, more preferably alkali metal salts, particularly preferably sodium salts or potassium salts.
[0255] In Formula (X2), RX2 represents an alkyl group having 1 to 10 carbon atoms.

[0256] The alkyl group having 1 to 10 carbon atoms represented by RX2 has the same definition and has the same
preferred examples as in the alkyl group having 1 to 10 carbon atoms in RX1 in Formula (X1).

[0257] The preferred examples of the anionic group represented by A in Formula (X2) are the same as the preferred
examples of the anionic group represented by A in Formula (X1).

[0258] In Formula (X2), n preferably represents an integer of 1 to 3, particularly preferably 2.

[0259] In Formula (X2), m represents an integer of 0 to 2, particularly preferably 0.

[0260] In Formula (X3), RX3 represents a hydrogen atom or an alkyl group having 1 to 10 carbon atoms.

[0261] In Formula (X3), in RX3, the alkyl group having 1 to 10 carbon atoms has the same definition and has the same
preferred examples as in the alkyl group having 1 to 10 carbon atoms in RX! in Formula (X1).

[0262] In Formula (X3), RX3 preferably represents a hydrogen atom or an alkyl group having 1 to 6 carbon atoms,
particularly preferably a hydrogen atom.

[0263] Preferred examples of the anionic group represented by A in Formula (X3) are the same as the preferred
examples of the anionic group represented by A in Formula (X1).

[0264] In Formula (X3), the divalent linking group represented by L is preferably an alkylene group having 1 to 10
carbon atoms, an aromatic group having 5 to 10 carbon atoms, or a divalent group that is a combination of two or more
groups selected from the group consisting of the alkylene group and the aromatic group.

[0265] In Formula (X3), the alkylene group having 1to 10 carbon atoms in L may be a linear alkylene group, a branched
alkylene group, or an alkylene group having an alicyclic structure (such as a cycloalkylene group).

[0266] Examples of the alkylene group having 1 to 10 carbon atoms in L include a methylene group, an ethylene group,
a propylene group, a butylene group, and a cyclohexylene group.

[0267] Examples of the aromatic group having 5 to 10 carbon atoms in L include a phenylene group.

[0268] The divalent linking group in L is more preferably an alkylene group having 1 to 10 carbon atoms, still more
preferably an alkylene group having 1 to 6 carbon atoms.

[0269] A and L in Formula (X4) respectively have the same definition and have the same preferred examples as in A
and L in Formula (X3).

[0270] Structure (X1) and Structure (X2) can be formed with, for example, an anionic-group-introduced isocyanate
compound.

[0271] Structure (X3) and Structure (X4) can be formed with, for example, a compound having an anionic group and
an amino group as an active hydrogen group (such as amino acid). More specifically, Structure (X3) can be formed with
lysine, forexample. Structure (X4) can be formed with, for example, B-alanine, taurine, or ethanolamine phosphate (EAP).
[0272] The three-dimensionally crosslinked structures of the shells preferably include, as the structure including an
anionic group, at least Structure (X3) or Structure (X4), more preferably include at least Structure (X3). Stated another
way, the anionic group is preferably introduced with Structure (X3) or Structure (X4) into the shells, preferably introduced
with Structure (X3) into the shells.

[0273] A urea bond is less hydrolyzable than a urethane bond. Thus, an anionic group introduced with the urea bond
of Structure (X3) or Structure (X4) (more preferably, Structure (X3)) into the shells is more strongly bonded to the three-
dimensionally crosslinked structures of the shells than an anionic group introduced with the urethane bond of Structure
(X1) or Structure (X2) into the shells. For this reason, an aqueous dispersion containing microcapsules having an anionic
group contributing to dispersibility and being introduced via a urea bond into the shells, and having Structure (X3) or
Structure (X4) (more preferably Structure (X3)), has higher dispersion stability of the microcapsules, in particular, higher
long-term dispersion stability (namely, preservation stability).
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[0274] The anionic group can be introduced into the shells by a reaction of the above-described tri- or higher functional
isocyanate compound, at least one of a compound having an anionic group and an active hydrogen group or an anionic-
group-introduced isocyanate compound, and water or a compound having two or more active hydrogen groups.
[0275] The anionic-group-introduced isocyanate compound can be produced by, for example, a reaction of a bi- or
higher functional isocyanate compound, and a compound having an anionic group and an active hydrogen group.

Compound having anionic group and active hydrogen group

[0276] The compound having an anionic group and an active hydrogen group may have only a single anionic group,
or two or more anionic groups.

[0277] The compound having an anionic group and an active hydrogen group may have only a single active hydrogen
group, or two or more active hydrogen groups.

[0278] Examples of the compound having an anionic group and an active hydrogen group include amino acids such
as a-amino acids (specifically lysine, alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid,
glycine, histidine, isoleucine, leucine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and
valine) and B-amino acids (such as p-alanine), malic acid, taurine, and ethanolamine phosphate (EAP).

[0279] Other specific examples of the compound having an anionic group and an active hydrogen group are as follows.

7 Hzm\ﬁ Hal - oH OH HN o
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Anionic-group-introduced isocyanate compound

[0280] As described above, the introduction of an anionic group into the shells may be performed with an anionic-
group-introduced isocyanate compound. The number of introduced anionic groups in the isocyanate compound may be
only one, or two or more.

[0281] The anionic-group-introduced isocyanate compound is preferably a reaction product of a compound having an
anionic group and an active hydrogen group, a compound having two or more active hydrogen groups, and a bifunctional
isocyanate compound (particularly preferably, isophorone diisocyanate (IPDI), hexamethylene diisocyanate (HDI), tri-
methylhexamethylene diisocyanate (TMHDI), 1,3-bis(isocyanatomethyl)cyclohexane (HXDI), m-xylylene diisocyanate
(XDI), or dicyclohexylmethane-4,4’-diisocyanate (HMDI)); or a reaction product of a compound having an anionic group
and an active hydrogen group, and a bifunctional isocyanate compound.

[0282] When introduction of an anionic group into the shells is performed with the compound having an anionic group
and an active hydrogen group, the amount of compound having an anionic group and an active hydrogen group used
relative to the total solid content of the microcapsules is preferably 0.1 mass% to 50 mass%, more preferably 0.1 mass%
to 45 mass%, still more preferably 0.1 mass% to 40 mass%, still more preferably 1 mass% to 30 mass%, still more
preferably 3 mass% to 20 mass%.

[0283] In the anionic-group-introduced isocyanate compound, the average functional-group number of isocyanate
groups may be 3 or less. However, even in this case, as long as the raw materials for forming the shells include at least
one tri- or higher functional isocyanate compound, the shells having a three-dimensionally crosslinked structure can be
formed.

Thermal-polymerizable group that can be included in shells

[0284] As described above, the microcapsules have a thermal-polymerizable group in at least one of the core or the
shell.

[0285] The microcapsules have a thermal-polymerizable group, and hence adjacent microcapsules can be bonded
together to form a crosslinked structure. This enables formation of a film having a high degree of crosslinking and high
hardness.

[0286] The microcapsules may have such a thermal-polymerizable group in a form in which a thermal-polymerizable
group is introduced into the three-dimensionally crosslinked structures of the shells, or may have such a polymerizable
group in a form in which the cores include a thermal-polymerizable compound (in other words, a compound having a
thermal-polymerizable group). Alternatively, the microcapsules may have a thermal-polymerizable group in both of these
forms.

[0287] Hereinafter, a method for introducing a thermal-polymerizable group into the three-dimensionally crosslinked
structures of the shells will be described.

[0288] The thermal-polymerizable compound that can be included in the cores will be described later.

[0289] Examples of the method for introducing a thermal-polymerizable group into the three-dimensionally crosslinked
structures of the shells include:

during formation of three-dimensionally crosslinked structures of the shells, a method of causing a reaction among
the above-described tri- or higher functional isocyanate compound, water or the above-described compound having
two or more active hydrogen groups, and a monomer for introducing a thermal-polymerizable group;

during production of the above-described tri- or higher functional isocyanate compound, a method of causing a
reaction between the above-described bi- or higher functional isocyanate compound and a monomer for introducing
a thermal-polymerizable group, to produce a thermal-polymerizable-group-introduced isocyanate compound, and
subsequently causing a reaction between the thermal-polymerizable-group-introduced isocyanate compound, and
water or the above-described compound having two or more active hydrogen groups; and

during production of the microcapsules, a method of dissolving, in an oil-phase component, the constituent compo-
nents of the microcapsules, and a monomer for introducing a thermal-polymerizable group, adding an aqueous-
phase component to the oil-phase component, performing mixing, and performing emulsification.

[0290] The monomer for introducing a thermal-polymerizable group may be a compound having at least one active
hydrogen group, and having, in at least one of the terminals, a thermal-polymerizable group.

[0291] The compound having atleast one active hydrogen group, and having, in atleast one of the terminals, a thermal-
polymerizable group, can be represented by the following Formula (ma).

L'LeZ, (ma)
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[0292] In Formula (ma), L' represents an m+n-valent linking group; m and n each independently represent an integer
selected from the group consisting of 1 to 100; Lc represents a monovalent thermal-polymerizable group; and Z represents
an active hydrogen group.

[0293] LT preferably represents a bi- or higher valent aliphatic group, a bi- or higher valent aromatic group, a bi- or
higher valent heterocyclic group, -O-, -S-, -NH-, -N<, -CO-, -SO-, - SO,-, or a combination of the foregoing.

[0294] Preferably, m and n each independently represent 1 to 50, more preferably 2 to 20, still more preferably 3 to
10, particularly preferably 3 to 5.

[0295] The monovalent thermal-polymerizable group represented by Lc is preferably an epoxy group, an oxetanyl
group, an aziridinyl group, an azetidinyl group, a ketone group, an aldehyde group, or a blocked isocyanate group, more
preferably an epoxy group or a blocked isocyanate group, particularly preferably a blocked isocyanate group.

[0296] Zis preferably OH, SH, NH, or NH,, more preferably OH or NH,, still more preferably OH.

[0297] The monomer for introducing a thermal-polymerizable group may be a single compound alone, or may be a
combination of two or more compounds.

[0298] During production of the thermal-polymerizable-group-introduced isocyanate compound, a reaction is preferably
caused between polyisocyanate (in other words, a tri- or higher functional isocyanate compound) and a monomer for
introducing a thermal-polymerizable group (in other words, a compound having at least one active hydrogen group and
having, in at least one of the terminals, a thermal-polymerizable group) at a ratio in which the number of moles of the
active hydrogen group of the monomer for introducing a thermal-polymerizable group is 0.01 times to 0.3 times (more
preferably 0.02 times to 0.25 times, still more preferably 0.03 times to 0.2 times) the number of moles of the isocyanate
groups of the polyisocyanate.

[0299] In the thermal-polymerizable-group-introduced isocyanate compound, the average functional-group number of
isocyanate groups may be 3 or less. However, even in this case, as long as the raw materials for forming the shells
include at least one tri- or higher functional isocyanate compound, the shells having a three-dimensionally crosslinked
structure can be formed.

Cores of microcapsules

[0300] The components of the cores of the microcapsules are not particularly limited. However, the cores preferably
include at least one thermal-polymerizable compound.
[0301] In addition to this, the cores may include other components (described later) of the aqueous dispersion.

Thermal-polymerizable compound

[0302] The cores of the microcapsules preferably include a thermal-polymerizable compound.

[0303] An embodiment in which the cores of the microcapsules include a thermal-polymerizable compound enables
further enhancement of film curing sensitivity and film hardness.

[0304] When the cores of the microcapsules include a thermal-polymerizable compound, the cores may include a
single thermal-polymerizable compound alone, or may include two or more thermal-polymerizable compounds.

[0305] When the cores of the microcapsules include a thermal-polymerizable compound, the thermal-polymerizable
group of the thermal-polymerizable compound functions as the thermal-polymerizable group of the cores.

[0306] In the embodiment in which the cores of the microcapsules include a thermal-polymerizable compound, not
only the cores but also the shells may have a thermal-polymerizable group.

[0307] The thermal-polymerizable compound that can be included in the cores of the microcapsules may be a thermal-
polymerizable monomer, a thermal-polymerizable oligomer, or a thermal-polymerizable polymer; from the viewpoint of
enhancing film curing sensitivity and film hardness, preferred is a thermal-polymerizable monomer.

[0308] From the viewpoint of enhancing film curing sensitivity and film hardness, the content of the thermal-polymer-
izable compound that can be included in the cores of the microcapsules (preferably a thermal-polymerizable monomer.
Hereafter, this is the same.) (in the case of including two or more compounds, the content is the total content thereof)
relative to the total solid content of the microcapsules is preferably 10 mass% to 70 mass%, more preferably 20 mass%
to 60 mass%, still more preferably 30 mass% to 55 mass%.

[0309] The thermal-polymerizable compound preferably has a molecular weight that is a weight-average molecular
weight of 100 to 100000, more preferably 100 to 30000, still more preferably 100 to 10000, still more preferably 100 to
4000, still more preferably 100 to 2000, still more preferably 100 to 1000, still more preferably 100 to 900, still more
preferably 100 to 800, particularly preferably 150 to 750.

[0310] Incidentally, the weight-average molecular weight of the thermal-polymerizable compound is a value measured
by gel permeation chromatography (GPC).

[0311] In this Specification, measurement by gel permeation chromatography (GPC) can be performed with a meas-
urement device of an HLC (registered trademark) -8020GPC (Tosoh Corporation), three columns of TSKgel (registered
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trademark) Super Multipore HZ-H (4.6 mm ID X 15 cm, Tosoh Corporation), and an eluent thatis THF (tetrahydrofuran).
The measurement conditions are a sample concentration of 0.45 mass%, a flow rate of 0.35 ml/min, a sample injection
amount of 10 pl, a measurement temperature of 40°C, and use of a differential refractive index (RI) detector.

[0312] The calibration curve is created with "Standard samples TSK standard, polystyrene" from Tosoh Corporation:
8 samples of "F-40", "F-20", "F-4", "F-1", "A-5000", "A-2500", "A-1000", and "n-propylbenzene".

Thermal-polymerizable monomer

[0313] The thermal-polymerizable monomer can be selected from the group consisting of thermal-polymerizable mon-
omers that can be polymerized by being heated or irradiated with infrared radiation. Examples of the thermal-polymer-
izable monomer include epoxy compounds, oxetane compounds, aziridine compounds, azetidine compounds, ketone
compounds, aldehyde compounds, and blocked isocyanate compounds. Of these, from the viewpoint of providing higher
film hardness, blocked isocyanate compounds are particularly preferred.

[0314] Of these, examples of the epoxy compounds include bi- or lower functional epoxy compounds such as 1,4-
butanediol diglycidyl ether, 3-(bis(glycidyloxymethyl)methoxy)-1,2-propanediol, limonene oxide, 2-biphenyl glycidyl
ether, 3,4-epoxycyclohexylmethyl-3’,4’-epoxycyclohexanecarboxylate, epichlorohydrin-bisphenol S-derived epoxide,
epoxidated styrene, epichlorohydrin-bisphenol F-derived epoxide, epichlorohydrin-bisphenol A-derived epoxide, epox-
idated novolac, and alicyclic diepoxide; and

tri- or higher functional epoxy compounds such as polyglycidyl ester of polybasic acid, polyglycidyl ether of polyol,
polyglycidyl ether of polyoxyalkylene glycol, polyglycidyl ester of aromatic polyol, urethane polyepoxy compounds, and
polyepoxy polybutadiene.

[0315] Examples of the oxetane compounds include 3-ethyl-3-hydroxymethyl-1-oxetane, 1,4bis[3-ethyl-3-oxetanyl-
methoxy)methyllbenzene, 3-ethyl-3-phenoxymethyl-oxetane, bis([1-ethyl(3-oxetanyl)methyl) ether, 3-ethyl-3-[(2-ethyl-
hexyloxy)methylloxetane, 3-ethyl-[(triethoxysilylpropoxy)methylloxetane, and 3,3-dimethyl-2-(p-methoxyphenyl)-oxe-
tane.

[0316] Examples of the blocked isocyanate compounds include compounds obtained by deactivating isocyanate com-
pounds with a blocking agent (active-hydrogen-containing compound).

[0317] Preferred examples of such an isocyanate compound include commercially available isocyanates such as
hexamethylene diisocyanate, isophorone diisocyanate, toluyl diisocyanate, xylylene diisocyanate, hexamethylene di-
isocyanate trimer, trimethylhexylylene diisocyanate, diphenylmethane diisocyanate, dicyclohexylmethane diisocyanate,
hydrogenated xylylene diisocyanate, TAKENATE (registered trademark; Mitsui Chemicals, Inc.), DURANATE (registered
trademark; Asahi Kasei Corporation), and BAYHYDUR (registered trademark; Bayer AG); and bi- or higher functional
isocyanates that are combinations of the foregoing.

[0318] Examples of the blocking agent include lactam [such as e-caprolactam, 8-valerolactam, and y-butyrolactam],
oxime [such as acetoxime, methyl ethyl ketoxime (MEK oxime), methyl isobutyl ketoxime (MIBK oxime), and cyclohex-
anone oxime], amine [such as aliphatic amine (such as dimethylamine, diisopropylamine, di-n-propylamine, and di-
isobutylamine), alicyclic amine (such as methylhexylamine, and dicyclohexylamine), and aromatic amine (such as aniline,
and diphenylamine)], aliphatic alcohol [such as methanol, ethanol, 2-propanol, and n-butanol], phenol and alkylphenol
[such as phenol, cresol, ethylphenol, n-propylphenol, isopropylphenol, n-butylphenol, octylphenol, nonylphenol, xylenol,
diisopropylphenol, and di-t-butylphenol], imidazole [such as imidazole, and 2-methylimidazole], pyrazole [such as pyra-
zole, 3-methylpyrazole, and 3,5-dimethylpyrazole], imine [such as ethyleneimine, and polyethyleneimine], active meth-
ylene [such as dimethyl malonate, diethyl malonate, diisopropyl malonate, acetylacetone, methyl acetoacetate, and ethyl
acetoacetate], blocking agents described in JP2002-309217A and JP2008-239890A, and mixtures of two or more of the
foregoing. In particular, preferred blocking agents are oxime, lactam, pyrazole, active methylene, and amine.

[0319] The blocked isocyanate compound may be a commercially available product on the market. Preferred examples
include TRIXENE (registered trademark) BI7982, BI7641, BI7642, BI7950, BI7960, and BI7991 (Baxenden Chemicals
LTD), and BAYHYDUR (registered trademark; Bayer AG). There are also other preferred examples that are a compound
group described in Paragraph [0064] in WO2015/158654A.

[0320] The thermal-polymerizable monomer can be included in the cores of the microcapsules in the following manner:
during production of the microcapsules, the constituent components of the microcapsules and the thermal-polymerizable
monomer are dissolved to form an oil-phase component; to the oil-phase component, an aqueous-phase component is
added; mixing is performed; and emulsification is performed.

[0321] The thermal-polymerizable monomer preferably has a molecular weight that is a weight-average molecular
weight of 100 to 4000, more preferably 100 to 2000, still more preferably 100 to 1000, still more preferably 100 to 900,
still more preferably 100 to 800, particularly preferably 150 to 750.

[0322] Incidentally, the weight-average molecular weight of the thermal-polymerizable monomer is a value measured
by gel permeation chromatography (GPC). The measurement method is described above.
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Thermal-polymerizable oligomer and thermal-polymerizable polymer

[0323] Anembodimentinwhich the thermal-polymerizable compound is a thermal-polymerizable oligomer or a thermal-
polymerizable polymer is advantageous in that shrinkage of the film during curing is reduced, and degradation of adhesion
between the film and the substrate is suppressed.

[0324] When, as the thermal-polymerizable compound, a thermal-polymerizable oligomer or a thermal-polymerizable
polymer is included, preferred is an embodiment in which a photothermal conversion agent, a thermal curing accelerator,
or a photothermal conversion agent and a thermal curing accelerator described later are included.

[0325] Examples of the thermal-polymerizable oligomer or the thermal-polymerizable polymer include epoxy resins.
[0326] The thermal-polymerizable group of the thermal-polymerizable oligomer or the thermal-polymerizable polymer
is particularly preferably an epoxy group.

[0327] When the cores of microcapsules include, as the thermal-polymerizable compound, a thermal-polymerizable
oligomer or a thermal-polymerizable polymer, the thermal-polymerizable oligomer or the thermal-polymerizable polymer
may have a single thermal-polymerizable-group alone, or two or more thermal-polymerizable-groups.

[0328] Such a thermal-polymerizable group can be introduced into a polymer or an oligomer by a polymer reaction or
copolymerization.

[0329] The thermal-polymerizable oligomer and the thermal-polymerizable polymer may be commercially available
products on the market.

[0330] Examples of commercially available products of the thermal-polymerizable oligomer and the thermal-polymer-
izable polymer include epoxy resins such as EBECRYL (registered trademark) 3708 (DAICEL-ALLNEX LTD.), CN120,
CN120B60, CN120B80, CN120E50 (all from Sartomer), HITALOID 7851 (Hitachi Chemical Company, Ltd.), and EPI-
CLON (registered trademark) 840 (DIC Corporation).

Enclosure ratio of thermal-polymerizable compound

[0331] When the cores of the microcapsules include a thermal-polymerizable compound, from the viewpoint of film
curing sensitivity, the enclosure ratio (mass%) of the thermal-polymerizable compound is preferably 10 mass% or more,
more preferably 50 mass% or more, still more preferably 70 mass% or more, still more preferably 80 mass% or more,
still more preferably 90 mass% or more, still more preferably 95 mass% or more, still more preferably 97 mass% or
more, particularly preferably 99 mass% or more.

[0332] When the aqueous dispersion includes two or more thermal-polymerizable compounds, at least one of the
thermal-polymerizable compounds preferably has an enclosure ratio satisfying such a preferred range.

[0333] The enclosure ratio (mass%) of such a thermal-polymerizable compound means, in the case of preparing the
aqueous dispersion, the amount of thermal-polymerizable compound included in the cores of microcapsules relative to
the total amount of thermal-polymerizable compound in the aqueous dispersion. This enclosure ratio is a value determined
in the following manner.

Method of measuring enclosure ratio (mass%) of thermal-polymerizable compound

[0334] The following procedures are performed under a condition of a liquid temperature of 25°C.

[0335] Whenthe aqueous dispersion contains no pigments, the aqueous dispersion is directly subjected to the following
procedures. When the aqueous dispersion contains a pigment, the aqueous dispersion is first centrifuged to remove the
pigment, and the aqueous dispersion from which the pigment has been removed is subjected to the following procedures.
[0336] From the aqueous dispersion, two samples of the same mass (hereafter, referred to as "Sample 1" and "Sample
2") are first obtained.

[0337] To Sample 1, tetrahydrofuran (THF) in an amount of 100 mass times the total solid content of Sample 1 is
added, and mixing is performed to prepare a diluted solution. The obtained diluted solution is centrifuged at 80000 rpm
for 40 minutes. A supernatant liquid generated by the centrifugation (hereafter, referred to as "Supernatant liquid 1") is
collected. As a result of this procedure, the entirety of the thermal-polymerizable compound included in Sample 1 is
probably extracted to Supernatant liquid 1. The mass of the thermal-polymerizable compound included in the collected
Supernatant liquid 1 is measured by liquid chromatography (for example, with a liquid chromatography apparatus from
Waters Corporation). The determined mass of the thermal-polymerizable compound is defined as the "total amount of
thermal-polymerizable compound".

[0338] Sample 2 is centrifuged under the same conditions as in the centrifugation performed for the diluted solution.
A supernatant liquid generated by the centrifugation (hereafter, referred to as "Supernatant liquid 2") is collected. As a
result of this procedure, the thermal-polymerizable compound not enclosed within microcapsules (in other words, in a
free state) in Sample 2 is probably extracted to Supernatant liquid 2. The mass of the thermal-polymerizable compound
included in the collected Supernatant liquid 2 is determined by liquid chromatography (for example, a liquid chromatog-
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raphy apparatus from Waters Corporation). The determined mass of the thermal-polymerizable compound is defined
as the "amount of free thermal-polymerizable compound".

[0339] From the "total amount of thermal-polymerizable compound" and the "amount of free thermal-polymerizable
compound”, the enclosure ratio (mass%) of the thermal-polymerizable compound is calculated using the following for-
mula.

Enclosure ratio (mass%) of thermal-polymerizable compound = ((total amount of
thermal-polymerizable compound - amount of free thermal-polymerizable compound)/total

amount of thermal-polymerizable compound) x 100

[0340] When the aqueous dispersion includes two or more thermal-polymerizable compounds, the enclosure ratio of
the entirety of the two or more thermal-polymerizable compounds may be calculated from the total amount of the two
or more thermal-polymerizable compounds being determined as the "total amount of thermal-polymerizable compound",
and the total amount of two or more free thermal-polymerizable compounds being determined as the "amount of free
thermal-polymerizable compound"; alternatively, the enclosure ratio of any one of the thermal-polymerizable compounds
may be calculated from the amount of any one of the thermal-polymerizable compounds being determined as the "total
amount of thermal-polymerizable compound”, and the amount of any one of free thermal-polymerizable compounds
being determined as the "amount of free thermal-polymerizable compound".

[0341] Incidentally, whether or not the cores of microcapsules include components other than thermal-polymerizable
compounds can also be determined by the same method as the method of determining whether or not the cores of
microcapsules include a thermal-polymerizable compound.

[0342] However, regarding a compound having a molecular weight of 1000 or more, the masses of the compound
included in the above-described Supernatant liquid 1 and Supernatant liquid 2 are measured by gel permeation chro-
matography (GPC) as the "total amount of compound" and the "amount of free compound”, and the enclosure ratio
(mass%) of the compound is determined. The measurement conditions of GPC are the same as those described above.

Photothermal conversion agent

[0343] When the cores of microcapsules include a thermal-polymerizable compound (preferably, a thermal-polymer-
izable monomer), the cores may include at least one photothermal conversion agent.

[0344] The photothermal conversion agent is a compound that absorbs light such as infrared radiation (namely, an
active energy ray) to generate heat, to polymerize and cure a thermal-polymerizable compound. The photothermal
conversion agent may be a publicly known compound.

[0345] The photothermal conversion agent is preferably an infrared absorbent. Examples of the infrared absorbent
include polymethylindolium, indocyanine green, polymethine pigment, croconium pigment, cyanine pigment, merocya-
nine pigment, squarylium pigment, chalcogenopyryloallylidene pigment, metal thiolate complex pigment, bis(chalcog-
enopyrylo)polymethine pigment, oxyindolizine pigment, bisaminoallylpolymethine pigment, indolizine pigment, pyrylium
pigment, quinoid pigment, quinone pigment, phthalocyanine pigment, naphthalocyanine pigment, azo pigment, azome-
thine pigment, and carbon black.

[0346] The photothermal conversion agent can be included in the cores of microcapsules in the following manner:
during production of microcapsules, the constituent components of microcapsules and the photothermal conversion
agent are dissolved to form an oil phase; to the oil phase, an aqueous phase is added; mixing is performed; and the
resultant mixture is emulsified.

[0347] Such photothermal conversion agents may be used alone or in combination of two or more thereof.

[0348] The photothermal conversion agent content relative to the total solid content of microcapsules is preferably 0.1
mass% to 25 mass%, more preferably 0.5 mass% to 20 mass%, still more preferably 1 mass% to 15 mass%.

[0349] The enclosure ratio (mass%) of the photothermal conversion agent and the method of measuring the enclosure
ratio conform to the enclosure ratio of the thermal-polymerizable compound and the method of measuring the enclosure
ratio.

Thermal curing accelerator
[0350] When the cores of microcapsules include a thermal-polymerizable compound (preferably a thermal-polymer-
izable monomer), the cores may include at least one thermal curing accelerator.

[0351] The thermal curing accelerator is a compound that catalytically promotes the thermosetting reaction of the
thermal-polymerizable compound (preferably a thermal-polymerizable monomer).
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[0352] Thethermal curing accelerator may be a publicly known compound. The thermal curing accelerator is preferably
acid or base, or a compound that generates acid or base under heating. Examples include carboxylic acid, sulfonic acid,
phosphoric acid, aliphatic alcohol, phenol, aliphatic amine, aromatic amine, imidazole (such as 2-methylimidazole), and
pyrazole.

[0353] The thermal curing accelerator can be included in the cores of microcapsules in the following manner: during
production of microcapsules, components for forming microcapsules and the thermal curing accelerator are mixed and
dissolved to form an oil phase; to the oil phase, an aqueous phase is added; mixing is performed; and the resultant
mixture is emulsified.

[0354] Such thermal curing accelerators may be used alone or in combination of two or more thereof.

[0355] The thermal curing accelerator content relative to the total solid content of microcapsules is preferably 0.1
mass% to 25 mass%, more preferably 0.5 mass% to 20 mass%, still more preferably 1 mass% to 15 mass%.

[0356] The enclosure ratio (mass%) of the thermal curing accelerator and the method of measuring the enclosure
ratio conform to the enclosure ratio of the thermal-polymerizable compound and the method of measuring the enclosure
ratio.

Resin

[0357] The cores of the microcapsules may include at least one resin.

[0358] This "resin" is a resin other than the above-described thermal-polymerizable oligomer and thermal-polymeriz-
able polymer, in other words, a resin not having any thermal-polymerizable group.

[0359] When the cores of the microcapsules contain resin, the microcapsules have higher strength, so that films can
be formed to have higher strength, for example.

[0360] The resin that can be included in the cores of the microcapsules is not particularly limited. Examples of the
resin include publicly known resins such as polyacrylate resins, polystyrene resins, polyurethane resins, polycarbonate
resins, and polyester resins.

[0361] The resin that can be included in the cores of the microcapsules preferably has a weight-average molecular
weight of 5000 to 500000, more preferably 10000 to 200000, still more preferably 10000 to 100000, particularly preferably
10000 to 50000.

[0362] The content of resin that can be included in the cores of the microcapsules (in the case of including two or more
resins, the content is the total content thereof) relative to the total solid content of the microcapsules is preferably 1
mass% to 50 mass%, more preferably 5 mass% to 40 mass%, still more preferably 10 mass% to 40 mass%.

[0363] The enclosure ratio (mass%) of the resin and the method of measuring the enclosure ratio conform to the
enclosure ratio of the thermal-polymerizable compound and the method of measuring the enclosure ratio.

Water

[0364] The aqueous dispersion according to the present disclosure includes water as the dispersion medium for
microcapsules.

[0365] The water content of the aqueous dispersion is not particularly limited; for example, the water content relative
to the total amount of the aqueous dispersion is preferably 10 mass% to 99 mass%, more preferably 20 mass% to 95
mass%, still more preferably 30 mass% to 90 mass%, particularly preferably 50 mass% to 90 mass%.

Coloring material

[0366] The aqueous dispersion according to the present disclosure may include at least one coloring material.
[0367] When the aqueous dispersion according to the present disclosure includes a coloring material, the coloring
material is preferably included outside of the microcapsules.

[0368] The coloring materialis not particularly limited, and can be freely selected from publicly known coloring materials
such as pigments, water-soluble dyes, and disperse dyes. Of these, pigments are more preferred as the coloring materials
because of high weather resistance and high color reproducibility.

[0369] The pigments are not particularly limited, and may be appropriately selected in accordance with the purpose.
Examples of the pigments include publicly known organic pigments and inorganic pigments. Other examples of the
pigments include commercially available pigment dispersions, and surface-treated pigments (such as a pigment dis-
persed in a dispersion medium such as water, a liquid organic compound, or insoluble resin, and a pigment surface-
treated with, for example, resin or a pigment derivative).

[0370] Examples of the organic pigments and inorganic pigments include yellow pigments, red pigments, magenta
pigments, blue pigments, cyan pigments, green pigments, orange pigments, violet pigments, brown pigments, black
pigments, and white pigments.
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[0371] When a pigment is used as the coloring material, a pigment dispersing agent may be optionally used during
preparation of pigment particles.

[0372] For the coloring materials such as pigments and the pigment dispersing agent, reference may be appropriately
made to Paragraphs 0180 to 0200 of JP2014-040529A and Paragraphs 0122 to 0129 of WO2016/052053A.

Other components

[0373] Theaqueousdispersion according to the presentdisclosure may contain, as needed, other components different
from the above-described components.

[0374] Such other components may be included in the cells of microcapsules (in other words, inside of microcapsules),
or may be included outside of microcapsules.

Organic solvent

[0375] The aqueous dispersion according to the present disclosure may contain at least one organic solvent.

[0376] When the aqueous dispersion according to the present disclosure contains an organic solvent, further enhanced
adhesion between the film and the substrate can be provided.

[0377] When the aqueous dispersion according to the present disclosure contains an organic solvent, the organic
solvent content relative to the total amount of the aqueous dispersion is preferably 0.05 mass% to 50 mass%, particularly
preferably 0.1 mass% to 20 mass%.

[0378] Specific examples of the organic solvent are as follows:

alcohols (such as methanol, ethanol, propanol, isopropanol, butanol, isobutanol, secondary butanol, tertiary butanol,
pentanol, hexanol, cyclohexanol, and benzyl alcohol),

polyhydric alcohols (such as ethylene glycol, diethylene glycol, triethylene glycol, polyethylene glycol, propylene
glycol, dipropylene glycol, polypropylene glycol, butylene glycol, hexanediol, pentanediol, glycerol, hexanetriol, thi-
odiglycol, and 2-methylpropanediol),

polyhydric alcohol ethers (such as ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene
glycol monobutyl ether, diethylene glycol monoethyl ether, diethylene glycol monomethyl ether, diethylene glycol
monobutyl ether, propylene glycol monomethyl ether, propylene glycol monobutyl ether, tripropylene glycol mono-
methyl ether, dipropylene glycol monomethyl ether, dipropylene glycol dimethyl ether, ethylene glycol monomethyl
ether acetate, triethylene glycol monomethyl ether, triethylene glycol monoethyl ether, triethylene glycol monobutyl
ether, ethylene glycol monophenyl ether, and propylene glycol monophenyl ether),

amines (such as ethanolamine, diethanolamine, triethanolamine, N-methyldiethanolamine, N-ethyldiethanolamine,
morpholine, N-ethylmorpholine, ethylenediamine, diethylenediamine, triethylenetetramine, tetraethylenepentamine,
polyethyleneimine, pentamethyldiethylenetriamine, and tetramethylpropylenediamine),

amides (such as formamide, N,N-dimethylformamide, and N,N-dimethylacetamide),

heterocycles (2-pyrrolidone, N-methyl-2-pyrrolidone, cyclohexylpyrrolidone, 2-oxazolidone, 1,3-dimethyl-2-imida-
zolidinone, and y-butyrolactone),

sulfoxides (such as dimethyl sulfoxide),

sulfones (such as sulfolane), and

others (such as urea, acetonitrile, and acetone).

Surfactant

[0379] The aqueous dispersion according to the present disclosure may contain at least one surfactant.

[0380] When the aqueous dispersion according to the present disclosure contains a surfactant, the dispersion or the
composition including the dispersion exhibits enhanced wettability to substrates. Examples include nonionic surfactants
such as polyoxyethylene alkyl ethers, polyoxyethylene alkylaryl ethers, acetylene glycols, polyoxyethylene/polyoxypro-
pylene block copolymers, and siloxanes.

[0381] Otherexamples ofthe surfactantinclude fluoroorganic compounds. The fluoroorganic compounds are preferably
hydrophobic.

[0382] The fluoroorganic compounds include fluorosurfactants, oily fluorocompounds (such as fluorinated oil), and
solid fluorocompound resins (such as tetrafluoroethylene resin); examples include fluoroorganic compounds described
in JP1982-9053B (JP-S57-9053B) (8th column to 17th column) and JP1987-135826A (JP-S62-135826A).

[0383] As described above, the aqueous dispersion according to the present disclosure, in which the shells of the
microcapsules include, as hydrophilic groups, an anionic group and the specified nonionic group, has high dispersion
stability of the microcapsules. Thus, the aqueous dispersion may contain substantially no anionic surfactants, which are
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added for enhancing dispersibility.

[0384] Herein, "contain substantially no" means that the content relative to the total amount of the aqueous dispersion
is 1 mass% or less (preferably 0.1 mass% or less).

[0385] Such an embodiment in which the aqueous dispersion contains substantially no anionic surfactants is advan-
tageous in that foaming of the aqueous dispersion and a composition using the aqueous dispersion is suppressed. The
embodiment in which the aqueous dispersion contains substantially no anionic surfactants is also advantageous in that,
in particular, when a pigment dispersion having an anionic dispersing group and the aqueous dispersion are combined,
the phenomenon of degradation of dispersibility of the pigment is suppressed, the degradation being caused because
an anionic surfactant causes an increase in the ion concentration of the system to cause a decrease in the degree of
electrolytic dissociation of the anionic pigment dispersing agent.

[0386] In anembodiment of the aqueous dispersion according to the present disclosure, the anionic surfactant content
relative to the total amount of the aqueous dispersion may be 1 mass% or less.

Antioxidant

[0387] The aqueous dispersion according to the present disclosure may include an antioxidant.

[0388] When the aqueous dispersion according to the present disclosure includes an antioxidant, the films can have
higher weather resistance, for example.

[0389] Examples of the antioxidant include p-methoxyphenol, quinones (such as hydroquinone, benzoquinone, and
methoxybenzoquinone), phenothiazine, catechols, alkylphenols (such as dibutylhydroxytoluene (BHT)), alkylbisphenols,
zinc dimethyldithiocarbamate, copper dimethyldithiocarbamate, copper dibutyldithiocarbamate, copper salicylate, thi-
odipropionates, mercaptobenzimidazole, phosphites, 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO), 2,2,6,6-tetrame-
thyl-4-hydroxypiperidine-1-oxyl (TEMPOL), cupferron Al, and tris(N-nitroso-N-phenylhydroxyamine) aluminum salt.
[0390] Of these, the antioxidant is preferably at least one selected from the group consisting of p-methoxyphenol,
catechols, quinones, alkylphenols, TEMPO, TEMPOL, cupferron Al, and tris(N-nitroso-N-phenylhydroxyamine) alumi-
num salt, more preferably at least one selected from the group consisting of p-methoxyphenol, hydroquinone, benzo-
quinone, BHT, TEMPO, TEMPOL, cupferron Al, and tris(N-nitroso-N-phenylhydroxyamine) aluminum salt.

Ultraviolet absorbent

[0391] The aqueous dispersion according to the present disclosure may include an ultraviolet absorbent.

[0392] When the aqueous dispersion according to the present disclosure contains an ultraviolet absorbent, the films
can have higher weather resistance, for example.

[0393] The ultraviolet absorbentis not particularly limited, and examples include publicly known ultraviolet absorbents
such as benzotriazole-based compounds, benzophenone-based compounds, triazine-based compounds, and benzox-
azole-based compounds.

Components that can be contained outside of microcapsules

[0394] From the viewpoint of film properties, adhesion, and control of ejectability, the aqueous dispersion according
to the present disclosure may contain, as needed, outside of microcapsules, for example, a water-soluble or water-
dispersible components (such as a polymerizable compound or a resin).

[0395] This term "water-soluble" is a property in which the component having been dried at 105°C for 2 hours has a
solubility of more than 1 g in 100 g of distilled water at 25°C.

[0396] The other term "water-dispersible" is a property in which the component is water-insoluble and is dispersed in
water. This term "water-insoluble" is a property in which the component having been dried at 105°C for 2 hours has a
solubility of 1 g or less in 100 g of distilled water at 25°C.

[0397] Examples of the component that can be contained outside of the microcapsules include components described
in Paragraphs 0139 to 0157 of WO2016/052053A.

Preferred properties of aqueous dispersion

[0398] In the aqueous dispersion according to the present disclosure set at 25°C to 50°C, the aqueous dispersion
preferably has a viscosity of 3 mPa-s to 15 mPa-s, more preferably 3 mPa-s to 13 mPa-s. In particular, when the aqueous
dispersion according to the present disclosure is set at 25°C, the aqueous dispersion preferably has a viscosity of 50
mPa-s or less. When the aqueous dispersion has a viscosity satisfying such a range, the aqueous dispersion applied
as ink to ink jet recording provides high ejection stability.

[0399] Incidentally, the viscosity of the aqueous dispersion is a value measured with a viscometer (VISCOMETER
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TV-22, Toki Sangyo Co., Ltd.).
Method for producing aqueous dispersion

[0400] The method for producing the aqueous dispersion according to the present disclosure is not particularly limited
as long as it enables production of the above-described aqueous dispersion.

[0401] The method for producing the aqueous dispersion according to the present disclosure is, from the viewpoint
of ease of production of the above-described aqueous dispersion, preferably the following method for producing an
aqueous dispersion according to this embodiment.

[0402] The method for producing an aqueous dispersion according to this embodiment (hereafter, also referred to as
the "production method according to this embodiment") has a microcapsule-forming step of mixing an oil-phase com-
ponent and an aqueous-phase component, and performing emulsification, to form the above-described microcapsule.
[0403] The oil-phase component includes an organic solvent, a tri- or higher functional isocyanate compound, and at
least one of a thermal-polymerizable-group-introduced isocyanate compound or a thermal-polymerizable compound.
[0404] The aqueous-phase component includes water.

[0405] The production method according to this embodiment satisfies at least one of Condition (x-1) or Condition (x-
2) below,

Condition (x-1): the oil-phase component includes a specified-nonionic-group-introduced isocyanate compound,
Condition (x-2): at least one of the oil-phase component or the aqueous-phase component includes a compound having
the specified nonionic group and an active hydrogen group.

[0406] In addition, the production method according to this embodiment satisfies at least one of Condition (y-1) or
Condition (y-2) below,

Condition (y-1): the oil-phase component includes an anionic-group-introduced isocyanate compound,

Condition (y-2): at least one of the oil-phase component or the aqueous-phase component includes a compound having
an anionic group and an active hydrogen group.

[0407] Inthe production method according to this embodiment, at least one of the oil-phase component or the aqueous-
phase component may include the above-described compound having two or more active hydrogen groups.

Microcapsule-forming step

[0408] In the microcapsule-forming step, the oil-phase component and the aqueous-phase component are mixed, and
the resultant mixture is emulsified, to thereby form microcapsules in which a shell having a three-dimensionally crosslinked
structure is formed so as to surround a core. The microcapsules formed will be dispersoid in the aqueous dispersion to
be produced.

[0409] On the other hand, water in the aqueous-phase component will be a dispersion medium in the aqueous dis-
persion to be produced.

[0410] Specifically, in the microcapsule-forming step, a reaction of a tri- or higher functional isocyanate compound
and water forms shells having three-dimensionally crosslinked structures including urea bonds.

[0411] When the tri- or higher functional isocyanate compound has a urethane bond, the three-dimensionally
crosslinked structures of the shells also include urethane bonds.

[0412] When atleast one of the oil-phase component or the aqueous-phase component includes the above-described
compound having two or more active hydrogen groups, as a result of the reaction between a tri- or higher functional
isocyanate compound and the compound having two or more active hydrogen groups, shells having three-dimensionally
crosslinked structures including urethane bonds are formed.

[0413] In the production method according to this embodiment, a compound having the specified nonionic group and
an active hydrogen group, and a specified-nonionic-group-introduced isocyanate compound are both materials for in-
troducing the specified nonionic group into the shells.

[0414] Specifically, when at least one of the oil-phase component or the aqueous-phase component includes a com-
pound having the specified nonionic group and an active hydrogen group, a reaction of the active hydrogen group of
this compound and an isocyanate group of an isocyanate compound contained in the mixture (such as a tri- or higher
functional isocyanate compound) causes introduction of the specified nonionic group into the shells (that is, shells having
the specified nonionic group are formed).

[0415] On the other hand, when the oil-phase component includes a specified-nonionic-group-introduced isocyanate
compound, since this specified-nonionic-group-introduced isocyanate compound also contributes to the shell-forming
reaction, the specified nonionic group is introduced into the shells (that is, shells having the specified nonionic group
are formed).

[0416] Inanembodimentin which the oil-phase componentincludes a specified-nonionic-group-introduced isocyanate
compound, shells having the specified nonionic group are more easily formed. From this point of view, the embodiment
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is preferred in which the oil-phase component includes a specified-nonionic-group-introduced isocyanate compound.
[0417] The compound having an anionic group and an active hydrogen group and the anionic-group-introduced iso-
cyanate compound are both materials for introducing an anionic group into the shells.

[0418] Specifically, when at least one of the oil-phase component or the aqueous-phase component includes a com-
pound having an anionic group and an active hydrogen group, a reaction of the active hydrogen group of this compound
and anisocyanate group of anisocyanate compound contained in the mixture (such as a tri- or higher functional isocyanate
compound) causes introduction of the anionic group into the shells (that is, shells having the anionic group are formed).
[0419] On the other hand, when the oil-phase componentincludes an anionic-group-introduced isocyanate compound,
this anionic-group-introduced isocyanate compound also contributes to the shell-forming reaction, so that the anionic
group is introduced into the shells (that is, shells having the anionic group are formed).

[0420] An embodiment in which at least one of the oil-phase component or the aqueous-phase component includes
a compound having an anionic group and an active hydrogen group has advantages in that a material, specifically, the
compound having an anionic group and an active hydrogen group (for example, an a-amino acid such as lysine) is easily
prepared. From such a point of view, the embodiment is preferred in which at least one of the oil-phase component or
the aqueous-phase component includes a compound having an anionic group and an active hydrogen group. In this
embodiment, more preferably, the compound having an anionic group and an active hydrogen group is included at least
in the aqueous-phase component.

[0421] On the other hand, from the viewpoint of ease of formation of shells having an anionic group, an embodiment
is also preferred in which the oil-phase component includes an anionic-group-introduced isocyanate compound.
[0422] In the oil-phase component in this embodiment, "at least one of the thermal-polymerizable-group-introduced
isocyanate compound or the thermal-polymerizable compound" is a material for introducing a thermal-polymerizable
group into the microcapsules.

[0423] Specifically, when the oil-phase componentincludes a thermal-polymerizable compound, shells having a three-
dimensionally crosslinked structure are formed so as to surround cores including the thermal-polymerizable compound
(specifically, cores having a thermal-polymerizable group) (that is, microcapsules including cores including the thermal-
polymerizable compound and shells are formed).

[0424] On the other hand, when the oil-phase component includes a thermal-polymerizable-group-introduced isocy-
anate compound, since this thermal-polymerizable-group-introduced isocyanate compound also contributes to the shell-
forming reaction, the thermal-polymerizable group is introduced into the shells (specifically, shells having the thermal-
polymerizable group are formed).

[0425] The embodiment in which the oil-phase component includes a thermal-polymerizable compound is advanta-
geous in that the material (thermal-polymerizable compound) can be selected from a wide range of choices.

[0426] On the other hand, in an embodiment in which the oil-phase component includes a thermal-polymerizable-
group-introduced isocyanate compound, during formation of a film with the aqueous dispersion produced, crosslinking
between the microcapsules is more easily formed by heating or irradiation with infrared radiation. Thus, the embodiment
is advantageous in the hardness of the film formed.

[0427] Examples of the organic solvent included in the oil-phase component include ethyl acetate and methyl ethyl
ketone.

[0428] The organic solvent is preferably at least partially removed during formation of microcapsules or after formation
of microcapsules.

[0429] During formation of microcapsules, the organic solvent may remain as one of the components of the cores.
[0430] The details of the above-described tri- or higher functional isocyanate compound, compound having two or
more active hydrogen groups, compound having the specified nonionic group and an active hydrogen group, specified-
nonionic-group-introduced isocyanate compound, thermal-polymerizable-group-introduced isocyanate compound, ther-
mal-polymerizable compound, compound having an anionic group and an active hydrogen group, and anionic-group-
introduced isocyanate compound are described in the above-described section "Aqueous dispersion”.

[0431] In the production method according to this embodiment, the total amount of the oil-phase component and the
aqueous-phase component except for the organic solvent and water corresponds to the total solid content of microcap-
sules in the aqueous dispersion to be produced.

[0432] Regarding the preferred ranges of amounts of components used in the production method according to this
embodiment, reference may be made to the above-described section "Aqueous dispersion”. In this reference to the
above-described section "Aqueous dispersion”, the "content" and the "total solid content of the microcapsules" are
respectively replaced by "amount of use" and "relative to the total amount of the oil-phase component and the aqueous-
phase component except for the organic solvent and water".

[0433] In the production method according to this embodiment, when the oil-phase component includes a specified-
nonionic-group-introduced isocyanate compound, the total content of the tri- or higher functional isocyanate compound
and the specified-nonionic-group-introduced isocyanate compound relative to the total amount of the oil-phase compo-
nent and the aqueous-phase component except for the organic solvent and water, is preferably 5 mass% to 50 mass%,
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more preferably 10 mass% to 45 mass%, particularly preferably 15 mass% to 40 mass%.

[0434] In the production method according to this embodiment, when the oil-phase component includes a specified-
nonionic-group-introduced isocyanate compound, the amount of the specified nonionic group in the specified-nonionic-
group-introduced isocyanate compound relative to the total content of the tri- or higher functional isocyanate compound
and the specified-nonionic-group-introduced isocyanate compound, is preferably 20 mass% to 80 mass%, more pref-
erably 30 mass% to 70 mass%, particularly preferably 40 mass% to 60 mass%.

[0435] Inthe production method according to this embodiment, the total isocyanate-compound content in the oil-phase
component relative to the total amount of the oil-phase component and the aqueous-phase component except for the
organic solvent and water, is preferably 5 mass% to 90 mass%, more preferably 10 mass% to 80 mass%, particularly
preferably 15 mass% to 75 mass%.

[0436] At least one of the oil-phase component and the aqueous-phase component may contain basic compound as
a neutralizer for an unneutralized anionic group (such as a carboxy group, a sulfo group, a phosphoric acid group, a
phosphonic acid group, or a sulfuric acid group). This forms, during formation of the microcapsules, a neutralized anionic
group (specifically, an anionic group in the form of salt such as a salt of a carboxy group, a salt of a sulfo group, a salt
of a phosphoric acid group, a salt of a phosphonic acid group, or a salt of a sulfuric acid group).

[0437] When the basic compound (neutralizer) is used, the basic compound (neutralizer) is preferably contained at
least in the aqueous-phase component.

[0438] Examples of the basic compound include inorganic bases such as sodium hydroxide and potassium hydroxide,
and organic bases such as triethylamine. In particular, preferred basic compounds are inorganic bases such as sodium
hydroxide and potassium hydroxide.

[0439] Examples of the salt of the anionic group in the form of salt include alkali metal salts such as sodium salt and
potassium salt; and organic amine salts such as triethylamine salt. Of these, the salt of the anionic group in the form of
salt is preferably an alkali metal salt such as sodium salt or potassium salt.

[0440] The components included in the oil-phase component may be simply mixed: all the components may be mixed
all at once, or the components may be divided into several groups and mixed.

[0441] As in the oil-phase component, the components included in the aqueous-phase component may be simply
mixed: all the components may be mixed all at once, or the components may be divided into several groups and mixed.
[0442] The method of mixing the oil-phase component and the aqueous-phase component is not particularly limited,
and the mixing may be performed by, for example, stirring.

[0443] The method of emulsifying the mixture obtained by mixing is not particularly limited, and is, for example, emul-
sification using an emulsification device such as a homogenizer (such as a dispersing device).

[0444] In the emulsification, the number of rounds of such a dispersing device is, for example, 5000 rpm to 20000
rpm, preferably 10000 rpm to 15000 rpm.

[0445] In the emulsification, the time of rounds is, for example, 1 minute to 120 minutes, preferably 3 minutes to 60
minutes, more preferably 3 minutes to 30 minutes, still more preferably 5 minutes to 15 minutes.

[0446] The emulsification in the microcapsule-forming step may be performed under heating.

[0447] The emulsification under heating causes the emulsification reaction of forming microcapsules to more efficiently
proceed. When the emulsification is performed under heating, at least a portion of the organic solvent included as the
oil-phase component is easily removed from the mixture.

[0448] When the emulsification is performed under heating, the heating temperature (namely, reaction temperature)
is preferably 35°C to 70°C, more preferably 40°C to 60°C.

[0449] When the emulsification is performed under heating, the heating time (namely, reaction time) is preferably 6
hours to 50 hours, more preferably 12 hours to 40 hours, still more preferably 15 hours to 35 hours.

[0450] The microcapsule-forming step may include an emulsification stage of emulsifying the mixture (at a temperature
of less than 35°C, for example), and a heating stage of heating (at a temperature of 35°C or more, for example) the
emulsion obtained in the emulsification stage.

[0451] In the embodiment in which the microcapsule-forming step includes the emulsification stage and the heating
stage, shells having a stronger three-dimensionally crosslinked structure are formed. This enables production of an
aqueous dispersion that enables formation of films having higher hardness.

[0452] In the embodiment in which the microcapsule-forming step includes the emulsification stage and the heating
stage, the preferred ranges of the heating temperature and heating time in the heating stage are the same as the preferred
ranges of the heating temperature and heating time in the case of performing emulsification under heating.

[0453] The heating stage may include a first heating stage of removing the organic solvent from the emulsion, and a
second heating stage of heating the emulsion at a temperature higher than that in the first heating stage.

[0454] Such an embodiment in which the heating stage includes the first heating stage and the second heating stage
enables formation of shells having an even stronger three-dimensionally crosslinked structure, which is more preferred.
[0455] Preferred embodiments of the production method according to this embodiment include the following Embod-
iments (1) to (5).
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[0456] In Embodiment (1), the oil-phase component includes an organic solvent, a tri- or higher functional isocyanate
compound, a specified-nonionic-group-introduced isocyanate compound, and a thermal-polymerizable compound, and
the aqueous-phase component includes water and a compound having an anionic group and an active hydrogen group.
[0457] In Embodiment (2), the oil-phase component includes an organic solvent, a tri- or higher functional isocyanate
compound, a compound having the specified nonionic group and an active hydrogen group, and a thermal-polymerizable
compound, and the aqueous-phase component includes water and a compound having an anionic group and an active
hydrogen group.

[0458] In Embodiment (3), the oil-phase component includes an organic solvent, a tri- or higher functional isocyanate
compound, a specified-nonionic-group-introduced isocyanate compound, an anionic-group-introduced isocyanate com-
pound, and a thermal-polymerizable compound, and the aqueous-phase component includes water.

[0459] In Embodiment (4), the oil-phase component includes an organic solvent, a tri- or higher functional isocyanate
compound, a specified-nonionic-group-introduced isocyanate compound, a thermal-polymerizable-group-introduced iso-
cyanate compound, and a thermal-polymerizable compound, and the aqueous-phase component includes water and a
compound having an anionic group and an active hydrogen group.

[0460] In Embodiment (5), the oil-phase component includes an organic solvent, a tri- or higher functional isocyanate
compound, a specified-nonionic-group-introduced isocyanate compound, an anionic-group-introduced isocyanate com-
pound, and a thermal-polymerizable-group-introduced isocyanate compound, and the aqueous-phase component in-
cludes water.

Another step

[0461] The production method according to this embodiment may have, in addition to the microcapsule-forming step,
another step as needed.

[0462] Such another step may be a step of adding another component.

[0463] Such another component added is the same as the components described above as other components that
can be contained in the aqueous dispersion.

Image-forming method

[0464] The image-forming method using the above-described aqueous dispersion is not particularly limited.

[0465] The image-forming method according to the present disclosure is, from the viewpoint of forming an image
having high hardness on a recording medium, preferably the following image-forming method according to this embod-
iment.

[0466] The image-forming method according to this embodiment has an application step of applying the above-de-
scribed aqueous dispersion according to the present disclosure onto a recording medium, and a curing step of curing
the aqueous dispersion applied on the recording medium by heating or irradiation with infrared radiation.

[0467] The image-forming method according to this embodiment forms an image having high hardness on a recording
medium. The image formed also has high adhesion to the recording medium.

Application step

[0468] The application step is a step of applying the aqueous dispersion according to the present disclosure onto a
recording medium.

[0469] An embodiment of applying the aqueous dispersion onto a recording medium is particularly preferably an
embodiment in which the aqueous dispersion according to the present disclosure is used as an ink-jet ink, and the
aqueous dispersion (namely, an ink-jet ink) is applied onto a recording medium by an ink jet method.

[0470] The recording medium may be the above-described substrate (such as a plastic substrate).

[0471] This application of the aqueous dispersion onto a recording medium by an ink jet method can be performed
with a publicly known ink jet recording apparatus.

[0472] The ink jet recording apparatus is not particularly limited, and a publicly known ink jet recording apparatus that
provides a target resolution can be freely selected and used. Specifically, any such publicly known ink jet recording
apparatuses including commercially available products can be used to apply the aqueous dispersion onto a recording
medium by the image-forming method according to this embodiment.

[0473] Such anink jetrecording apparatus is, for example, an apparatus including an ink supply device, a temperature
sensor, heating means, and the like.

[0474] Theinksupply device includes, for example, a source tank including ink that is the aqueous dispersion according
to the present disclosure, supply pipes, an ink supply tank disposed immediately upstream of an ink jet head, a filter,
and a piezo ink jet head. The piezo ink jet head may be operated so as to eject multisize dots of preferably 1 pl to 100
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pl, more preferably 8 pl to 30 pl, at a resolution of preferably 320 dpi (dot per inch) X 320 dpi to 4000 dpi X 4000 dpi,
more preferably 400 dpi X 400 dpi to 1600 dpi X 1600 dpi, still more preferably 720 dpi X 720 dpi. Herein, dpi means
the number of dots for 2.54 cm (1 inch).

Curing step

[0475] The curing step is astep of curing the aqueous dispersion applied on arecording medium by heating or irradiation
with infrared radiation.

[0476] The aqueous dispersion applied on a recording medium is cured by heating or irradiation with infrared radiation
to cause a crosslinking reaction of the thermal-polymerizable group in microcapsules in the aqueous dispersion. This
enables fixing of the image and enhancement of, for example, the film hardness of the image.

[0477] The heating means for the heating is not particularly limited, and examples include a heating drum, hot air, an
infrared lamp, an infrared LED, an infrared heater, a heating oven, a heating plate, an infrared laser, and an infrared
dryer. Of these, from the viewpoint that the aqueous dispersion can be efficiently heat-cured, preferred are a light-emitting
diode (LED) having a maximum absorption wavelength in the wavelengths of 0.8 um to 1.5 pm or 2.0 pm to 3.5 um
and having emission wavelengths from near-infrared radiation to far-infrared radiation; a heater that radiates near-
infrared radiation to far-infrared radiation; a laser having lasing wavelengths from near-infrared radiation to far-infrared
radiation; and a dryer that radiates near-infrared radiation to far-infrared radiation.

[0478] The heating temperature during the heating is preferably 40°C or more, more preferably 40°C to 200°C, still
more preferably 100°C to 180°C. The heating temperature is the temperature of the aqueous dispersion on a recording
medium, and can be measured with a thermograph using an infrared thermography apparatus H2640 (manufactured
by Nippon Avionics Co., Ltd.).

[0479] The heating time can be appropriately set in accordance with, for example, the heating temperature, the com-
position of the aqueous dispersion, and printing speed.

[0480] The curing step of causing heat-curing of the aqueous dispersion applied on a recording medium may also
serve as a heat-drying step described later.

Another step

[0481] The image-forming method according to this embodiment may have, in addition to the above-described appli-
cation step and the curing step, another step.
[0482] Examples of the other step include a heat-drying step.

Heat-drying step

[0483] The image-forming method according to this embodiment may further have, as needed, a heat-drying step of
heat-drying an aqueous dispersion on a recording medium, the step being performed after the application step and
before the curing step.

[0484] Inthe heat-drying step, water and an organic solvent used as needed in combination with water are evaporated
from the aqueous dispersion applied onto a recording medium, to thereby fix the image.

[0485] The heating means for performing the heat-drying is not particularly limited. Examples of the heating means
include a heating drum, hot air, an infrared lamp, a heating oven, and a heating plate.

[0486] The heating temperature is preferably 40°C or more, more preferably 40°C to 150°C, still more preferably 40°C
to 80°C.

[0487] Incidentally, the heating time can be appropriately set in accordance with, for example, the composition of the
aqueous dispersion and printing speed.

EXAMPLES

[0488] Hereinafter, the present invention will be described with reference to Examples. However, the present invention
is not limited to the following Examples.

Preparation of material for introducing specified nonionic group into shells
[0489] As a material for introducing the specified nonionic group into shells (specified-nonionic-group-introduced iso-
cyanate compound), the following material was prepared.

[0490] "TAKENATE (registered trademark) D-116N" manufactured by Mitsui Chemicals, Inc.: 50 mass% ethyl acetate
solution of adduct of trimethylolpropane (TMP), m-xylylene diisocyanate (XDI), and polyethylene glycol monomethyl
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ether (EO90); the structure is described below.

[0491] This adduct is a mixture of a trifunctional isocyanate compound and an isocyanate compound having an intro-
duced specified nonionic group (specifically, a group represented by the above-described Formula (W) where RW1 is
an ethylene group, RW2 is a methyl group, and nw is 90).

[0492] The specified-nonionic-group-introduced isocyanate compound contributes to introduction of the specified no-
nionic group into the shells. The trifunctional isocyanate compound contributes to formation of the shells having a three-
dimensionally crosslinked structure.

[0493] In this adduct (specifically, the solid content of D-116N), the content of the specified nonionic group (specifically,
the group (W) represented by the above-described Formula (W) where RW1 is an ethylene group, R"2 is a methyl group,
and nw is 90) relative to the entirety of the adduct is 50 mass%.

HO. OH OCN@/\NCO ~ot~
\jéo;—i 90
TMP XDI EO90

D-116N

Preparation of comparative materials

[0494] As comparative materials, the following materials for introducing nonionic groups other than specified nonionic
groups into shells were prepared.

PEG1000diamine (comparative material): polyethylene glycol having amino groups at both ends (NOF CORPORATION,
number-average molecular weight: 1000)

PTMG1000 (comparative material): polyether polyol having OH groups at both ends (Mitsubishi Chemical Corporation,
number-average molecular weight: 1000)

Preparation of materials for introducing anionic group into shells

[0495] As materials for introducing an anionic group into shells, compounds having an anionic group and an active
hydrogen group were prepared: lysine (hereafter, also referred to as "lysine"), B-alanine (hereafter, also referred to as
"B-alanine"), taurine (hereafter, also referred to as "taurine"), and ethanolamine phosphate (hereafter, also referred to
as "EAP"). The structures of these compounds are described below.

[0496] In addition, as materials for introducing an anionic group into shells, anionic-group-introduced isocyanate com-
pounds were prepared: COOH-NCO-1, COOH-NCO-2, and COOH-NCO-3. The structures of these compounds are
described below.

[0497] As the materials for introducing an anionic group into shells, when lysine and COOH-NCO-3 are employed,
the above-described Structure (X3) is formed as a partial structure (moiety including an anionic group) of the shells.
[0498] As the materials for introducing an anionic group into shells, when B-alanine, taurine, and EAP are employed,
the above-described Structure (X4) is formed as a partial structure (moiety including an anionic group) of the shells.
[0499] As the material for introducing an anionic group into shells, when COOH-NCO-1 is employed, the above-
described Structure (X1) is formed as a partial structure (moiety including an anionic group) of the shells.

[0500] As the material for introducing an anionic group into shells, when COOH-NCO-2 is employed, the above-
described Structure (X2) is formed as a partial structure (moiety including an anionic group) of the shells.

[0501] The materials have the following anionic-group amounts per gram (mmol/g): 6.84 mmol/g (lysine), 11.22 mmol/g
(B-alanine), 7.99 mmol/g (taurine), 14.18 mmol/g (EAP), 1.248 mmol/g (COOH-NCO-1), 1.128 mmol/g (COOH-NCO-
2), and 1.159 mmol/g (COOH-NCO-3).
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[0502] COOH-NCO-1, COOH-NCO-2, and COOH-NCO-3 were synthesized in the following manner.
Synthesis of COOH-NCO-1

[0503] Toathree-neckflask,2,2-dimethylolpropionate (DMPA) (45 g), isophorone diisocyanate (hereafter, also referred
to as "IPDI") (223.72 g), and ethyl acetate (499.05 g) were added and heated at 50°C. To this, NEOSTANN (registered
trademark) U-600 (manufactured by Nitto Kasei Co., Ltd., inorganic bismuth catalyst; hereafter, also simply referred to
as "U-600") (0.7677 g) was added, and a reaction was caused for 3 hours, to obtain COOH-NCO-1 (solid content
concentration: 35 mass%).

Synthesis of COOH-NCO-2

[0504] To a three-neck flask, o-resorcylic acid (45 g), IPDI (194.7 g), and ethyl acetate (445.2 g) were added, and
heated at 50°C. To this, U-600 (0.7677 g) was added, and a reaction was caused for 3 hours, to obtain COOH-NCO-2
(solid content concentration: 35 mass%).

Synthesis of COOH-NCO-3

[0505] To a three-neck flask, lysine (lysine) 45 g, D-120N (294.07 g), and ethyl acetate (419.16 g) were added, and
heated at 50°C. To this, U-600 (0.7677 g) was added, and a reaction was caused for 3 hours, to obtain COOH-NCO-3

(solid content concentration: 35 mass%).
[0506] This D-120 is TAKENATE (registered trademark) D-120 described later.
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Preparation of other materials for forming shells

[0507] As other materials for forming shells, the following materials were prepared.

[0508] TAKENATE (registered trademark) D-110N from Mitsui Chemicals, Inc.: 75 mass% ethyl acetate solution of
adduct (trifunctional isocyanate compound) of trimethylolpropane (TMP) and xylylene diisocyanate (XDI).

[0509] TAKENATE (registered trademark) D-120N from Mitsui Chemicals, Inc.: 75 mass% ethyl acetate solution of
adduct (trifunctionalisocyanate compound) of trimethylolpropane (TMP) and 1,3-bis(isocyanatomethyl)cyclohexane (HX-
DI).

PEG1000diamine (comparative material): polyethylene glycol (NOF CORPORATION, amines at both ends, molecular
weight: 1000)

PTMG1000 (comparative material): polyether polyol (Mitsubishi Chemical Corporation, molecular weight: 1000)

Preparation of thermal-polymerizable compounds as core materials

[0510] As core materials that are thermal-polymerizable compounds, the following thermal-polymerizable monomers
were prepared.

Blocked isocyanate A: Trixene™BI7982 (blocked isocyanate, Baxenden Chemicals Ltd, molecular weight: 793) from
which propylene glycol monomethyl ether had been driven off under conditions of 60°C and 2.67 kPa (20 torr)

Epoxy resin A: EPICLON TM840 (thermal-polymerizable oligomer having epoxy group, DIC Corporation, molecular
weight: 340)

Preparation of thermal curing accelerator as core material

[0511] As a core material that is a thermal curing accelerator, 2-methylimidazole was prepared.

Examples 1 to 11 and Comparative Examples 1 to 4

Production of aqueous dispersions of microcapsules in Examples 1 to 6, 8, and 9, and Comparative Examples 1 to 4

[0512] As aqueous dispersions in which, as materials for introducing an anionic group, materials other than COOH-
NCO-1, COOH-NCO-2, and COOH-NCO-3 were employed, aqueous dispersions of microcapsules in Examples 1 to 6,
8, and 9 and Comparative Examples 1 to 4 were produced. Hereinafter, this will be described in detail.

Preparation of oil-phase component

[0513] Among the components in Table 3-1 below, components other than the material for introducing an anionic
group and 55 g of ethyl acetate were mixed, and stirred at room temperature for 15 minutes to obtain an oil-phase
component.

Preparation of aqueous-phase component

[0514] The material for introducing an anionic group in Table 3-1 below was dissolved in 50 g of distilled water to
obtain an aqueous-phase component.

Microcapsule-forming step

[0515] To the oil-phase component, the aqueous-phase component was added and mixed. The resultant mixture was
emulsified with a homogenizer at 12000 rpm for 12 minutes to obtain an emulsion.

[0516] The obtained emulsion was added to 25 g of distilled water. The resultant liquid was stirred at room temperature
for 30 minutes.

[0517] Subsequently, the stirred liquid was heated at 45°C, and stirred for 4 hours while the liquid temperature was
kept at 45°C, to drive off ethyl acetate from the liquid. Subsequently, the liquid from which ethyl acetate had been driven
off was heated at 50°C, and stirred for 24 hours while the liquid temperature was kept at 50°C, to form microcapsules
in the liquid. Subsequently, the liquid including microcapsules was diluted with distilled water so as to have a solid content
concentration of 20 mass%. In this way, aqueous dispersions of microcapsules were obtained (aqueous dispersions of
microcapsules in Examples 1 to 6, 8, and 9, and Comparative Examples 1 to 4).
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Production of aqueous dispersions of microcapsules in Examples 7, 10, and 11

[0518] As aqueous dispersions in which the material for introducing an anionic group was COOH-NCO-1, COOH-
NCO-2, or COOH-NCO-3, aqueous dispersions of microcapsules in Examples 7, 10, and 11 were produced. Hereinafter,
this will be described in detail.

Preparation of oil-phase component

[0519] All the components in Table 3-1 below and 19 g of ethyl acetate were mixed, and stirred at room temperature
for 15 minutes to obtain an oil-phase component.

Preparation of aqueous-phase component
[0520] As an aqueous-phase component, 43.1 g of distilled water was prepared.
Microcapsule-forming step

[0521] To the oil-phase component, the aqueous-phase component was added and mixed. The resultant mixture was
emulsified with a homogenizer at 12000 rpm for 12 minutes to obtain an emulsion.

[0522] The obtained emulsion was added to 10 g of distilled water. The resultant liquid was stirred at room temperature
for 30 minutes.

[0523] Subsequently, the stirred liquid was heated at 45°C, and stirred for 4 hours while the liquid temperature was
kept at 45°C, to drive off ethyl acetate from the liquid. Subsequently, the liquid from which ethyl acetate had been driven
off was heated at 50°C, and stirred for 24 hours while the liquid temperature was kept at 50°C, to form microcapsules
in the liquid. Subsequently, the liquid including microcapsules was diluted with distilled water so as to have a solid content
concentration of 20 mass%. In this way, aqueous dispersions of microcapsules were obtained (aqueous dispersions of
microcapsules in Examples 7, 10, and 11).

Determination in terms of aqueous dispersions of microcapsules

[0524] The aqueous dispersions of microcapsules in Examples 1 to 11 and Comparative Examples 1 to 4 were de-
termined in terms of the following items.

Volume-average particle size of microcapsules

[0525] The volume-average particle size of microcapsules was measured by a light scattering method. Incidentally,
the volume-average particle size of microcapsules was measured by a light scattering method using a wet particle size
distribution analyzer LA-960 (HORIBA, Ltd.).

[0526] As a result, microcapsules included in each of the aqueous dispersions of Examples 1 to 11 and Comparative
Examples 1 to 4 were found to have a volume-average particle size in a range of 0.10 pum to 0.20 um.

Determination as to whether or not shells of microcapsules have three-dimensionally crosslinked structure

[0527] Whether or not the shells of microcapsules actually had a three-dimensionally crosslinked structure was de-
termined in the following manner. Incidentally, the following procedures were performed under a condition of a liquid
temperature of 25°C.

[0528] Asamplewas obtained fromthe above-described aqueous dispersion of microcapsules. To the obtained sample,
tetrahydrofuran (THF) in an amount of 100 mass times the total solid content (microcapsules in this Example) of the
sample was added and mixed, to prepare a diluted solution of the aqueous dispersion. The obtained diluted solution
was centrifuged (80000 rpm, 40 minutes). After the centrifugation, whether residue was present or not was visually
determined. When residue was found, water was added to the residue and stirred with a stirrer for 1 hour to re-disperse
the residue again in water. Thus, a re-dispersion liquid was obtained. The obtained re-dispersion liquid was subjected
to measurement of particle size distribution performed with a wet particle size distribution analyzer (LA-960, HORIBA,
Ltd.) by a light scattering method. When these procedures were performed and particle size distribution was detected,
the shells of the microcapsules were regarded as having a three-dimensionally crosslinked structure.

[0529] As a result, the shells of microcapsules included in each of the aqueous dispersions in Examples 1 to 11 and
Comparative Examples 1 to 4 were determined to have a three-dimensionally crosslinked structure.
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Determination as to whether or not cores of microcapsules include thermal-polymerizable compound

[0530] The aqueous dispersions of microcapsules were measured in terms of enclosure ratio (%) of a thermal-polym-
erizable compound, to thereby determine whether or not the cores of microcapsules actually included the thermal-
polymerizable compound. This will be described below in detail. Incidentally, the following procedures were performed
under a condition of a liquid temperature of 25°C.

[0531] From the aqueous dispersion of microcapsules, two samples having the same mass (hereafter, referred to as
"Sample 1A" and "Sample 2A") were obtained.

[0532] To Sample 1A, tetrahydrofuran (THF) in an amount of 100 mass times the total solid content of Sample 1A
was added, and mixing was performed to prepare a diluted solution. The obtained diluted solution was centrifuged at
80000 rpm for 40 minutes. A supernatant liquid generated by the centrifugation (hereafter, referred to as "Supernatant
liquid 1A") was collected. The collected Supernatant liquid 1A was measured for the mass of the thermal-polymerizable
compound included therein with a liquid chromatography apparatus "Waters2695" from Waters. The determined mass
of the thermal-polymerizable compound was defined as the "total amount of thermal-polymerizable compound".
[0533] In addition, Sample 2A was centrifuged under the same conditions as in the centrifugation performed for the
diluted solution. A supernatant liquid generated by the centrifugation (hereafter, referred to as "Supernatant liquid 2A")
was collected. The collected Supernatant liquid 2A was measured for the mass of the thermal-polymerizable compound
included therein with the above-described liquid chromatography apparatus. The determined mass of the thermal-
polymerizable compound was defined as the "amount of free thermal-polymerizable compound".

[0534] From the "total amount of thermal-polymerizable compound" and the "amount of free thermal-polymerizable
compound”, the enclosure ratio (mass%) of the thermal-polymerizable compound was calculated using the following
formula.

[0535] Enclosure ratio (mass%) of thermal-polymerizable compound = ((Total amount of thermal-polymerizable com-
pound - Amount of free thermal-polymerizable compound)/Total amount of thermal-polymerizable compound) X 100
[0536] The results have demonstrated the following: the aqueous dispersions of Examples 1 to 11 and Comparative
Examples 1 to 4 each have an enclosure ratio of the thermal-polymerizable compound of 99% or more in the aqueous
dispersion, so that the cores of the microcapsules actually include the thermal-polymerizable compound.

Production of ink-jet inks (colorless inks)

[0537] Components described in "Composition of colorless inks" below were mixed to produce ink-jet inks.

[0538] The produced ink-jet inks are also embodiments of the aqueous dispersions of microcapsules.

[0539] Inthe present EXAMPLES, the ink-jet inks produced here are referred to as "colorless inks", as being different
from the aqueous dispersions of microcapsules produced above.

Composition of colorless inks

[0540] Aqueous dispersion of microcapsules: 50 g

Fluorosurfactant (nonionic surfactant) (trade name: CAPSTONE (registered trademark) FS-31, E. |. du Pontde Nemours
and Company, solid content concentration: 25 mass%): 0.3 g

Glycerol (organic solvent): 5 g

Water: 45 g

Evaluations of colorless inks

[0541] The colorless inks obtained above were evaluated in terms of the following items. The results are described in
Table 3-2.

Pencil hardness of cured films

[0542] A colorless ink obtained above was applied to a substrate that was a polystyrene (PS) sheet ("falcon hi impact
polystyrene" manufactured by Robert Horne Group Limited) with a No. 2 bar of a K Hand Coater manufactured by RK
PRINT COAT INSTRUMENTS LTD, so as to have a thickness of 10 um. The obtained coating film was dried by being
heated at 60°C for 3 minutes. Subsequently, the dried coating film was irradiated with ultraviolet radiation (UV light) to
cure the coating film. In this way, cured films were obtained.

[0543] Incidentally, the irradiation with ultraviolet radiation (UV light) was performed with a laboratory UV mini conveyor
apparatus CSOT (manufactured by GS Yuasa Power Supply Ltd.) including, as an exposure light source, an ozoneless
metal halide lamp MAN250L, and set at a conveyor speed of 35 m/min and an exposure intensity of 2.0 W/cm?2.
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[0544] The obtained cured films were subjected to a pencil hardness test with pencils of UNI (registered trademark)
manufactured by Mitsubishi Pencil Co., Ltd., in accordance with JIS K5600-5-4 (1999).

[0545] Incidentally, the pencil hardness that is acceptable is HB or higher, preferably H or higher. Cured films having
a pencil hardness of B or lower are not preferred because they may become scratched during handling.

Adhesion (cross hatch test)

[0546] Cured films were formed as with the above-described formation of the cured films in the evaluation of pencil
hardness.

[0547] The obtained cured films were subjected to a cross hatch test in accordance with ISO2409 (cross-cut method).
The adhesion to the substrates was evaluated in accordance with evaluation grades below.

[0548] In this cross hatch test, cutting was performed at a pitch of 1 mm to form a grid of 25 squares having 1 mm sides.
[0549] In the evaluation grades below, Grade A means that the cured film has the highest adhesion. In the evaluation
grades below, Grades that are practically acceptable are A and B.

[0550] Inthe evaluation grades below, the ratio (%) of flaking squares is a value calculated using the following formula.
In the following formula, the total number of squares is 25.

Ratio (%) of flaking squares = [(number of flaking squares)/(total number of squares)]
x 100

Evaluation grades of adhesion of cured films
[0551]

A: The ratio (%) of flaking squares was 0%.
B: The ratio (%) of flaking squares was more than 0% and 5% or less.
C: The ratio (%) of flaking squares was more than 5%.

Ejectability of colorless inks

[0552] Asone of indexes of dispersion stability of the colorless inks, the ejectability of the colorless inks was evaluated.
[0553] A colorless ink obtained above (within 1 day from production, kept at room temperature) was ejected through
the head of an ink jet printer (SP-300V, manufactured by Roland DG Corporation) for 30 minutes (first ejection), and
then the ejection was terminated.

[0554] After predetermined periods of time elapsed from the termination of ejection, the colorless ink was again ejected
through the head onto a substrate that was a polyvinyl chloride (PVC) sheet (AVERY 400 GLOSS WHITE PERMANENT,
AVERY DENNISON CORPORATION) to form a 5 cm X 5 cm solid image.

[0555] The obtained image was visually inspected for missing dots due to, for example, nozzles turned into a non-
ejection state, and the ejectability of the colorless ink was evaluated in accordance with the following evaluation grades.
[0556] Intheevaluationgradesbelow, Grade A means thatthe colorless ink has the highest ejectability. In the evaluation
grades below, Grades that are practically acceptable are A, B, and C.

Evaluation grades of ejectability of colorless inks
[0557]

A: After 5 minutes elapsed from the termination of the first ejection, ejection was performed without generation of
missing dots due to, for example, nozzles turned into a non-ejection state, and good images were obtained.

B: After 4 minutes elapsed from the termination of the first ejection, ejection was performed without generation of
missing dots due to, for example, nozzles turned into a non-ejection state, and good images were obtained; however,
after 5 minutes elapsed from the termination of the first ejection, ejection was performed with slight generation of
missing dots that did not bring practical problems.

C: After 3 minutes elapsed from the termination of the first ejection, ejection was performed without generation of
missing dots due to, for example, nozzles turned into a non-ejection state, and good images were obtained; however,
after 4 minutes elapsed from the termination of the first ejection, ejection was performed with slight generation of
missing dots that did not bring practical problems.

D: Even before 3 minutes elapsed from the termination of the first ejection, ejection was performed with generation
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of missing dots due to, for example, nozzles turned into a non-ejection state, and the images were not practically
acceptable.

Preservation stability of colorless inks

[0558] As one of indexes of the dispersion stability of the colorless inks, the preservation stability of the colorless inks
was evaluated.

[0559] Such a colorless ink was sealed within a container, and kept at 60°C for 2 weeks.

[0560] After the lapse of 2 weeks, the colorless ink was subjected to the same evaluation test as with the evaluation
test of ejectability, and the preservation stability of the colorless ink was evaluated in accordance with the same evaluation
grades as in the evaluation test of ejectability.

[0561] In the above-described evaluation grades, Grade A means that the colorless ink has the highest preservation
stability. In the above-described evaluation grades, Grades that are practically acceptable are A, B, and C.
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Table 3-2
Amount (N) of Amount (A) Evaluation results
specified of anionic AN ] ]
nonionic group group Pencil | Adhesion | Ejectability | ~reservation
(mass%) (mmol/g) hardness stability
Example 1 14.4 0.79 0.055 F B A A
Example 2 16.4 0.46 0.028 F B B B
Example 3 9.0 0.93 0.103 F B B B
Example 4 14.4 1.29 0.090 F B A A
Example 5 14.4 0.79 0.055 2H A A A
Example 6 13.3 0.75 0.056 F B A B
Example 7 8.4 0.34 0.040 2H A A B
Example 8 15.0 0.61 0.041 F B B B
Example 9 14.7 1.41 0.096 F B B B
Example 10 8.4 0.33 0.039 2H A A B
Example 11 8.4 0.31 0.037 2H A A B
Comparative 0.0 0.79 - F c c c
Example 1
Comparative
0.0 0.79 - F C C C
Example 2
Comparative
0.0 0.75 - F C C C
Example 3
Comparative
0.0 0.75 - F C C C
Example 4

[0562] As described in Tables 3-1 and 3-2, in each of Examples 1 to 11, an aqueous dispersion is employed that
contains water and microcapsules including a core and a shell having a three-dimensionally crosslinked structure in-
cluding (a) at least one selected from the group consisting of a urethane bond and a urea bond and (b) an anionic group
and a specified nonionic group (namely, the group (W)) as hydrophilic groups, wherein at least one of the shell or the
core has a thermal-polymerizable group; in each of these Examples, the cured film has high pencil hardness, and has
high ejectability and high preservation stability (namely, dispersion stability of the aqueous dispersion).

[0563] By contrast, in Comparative Examples 1 and 2 in which the three-dimensionally crosslinked structures of the
shells do not include nonionic groups, and Comparative Examples 3 and 4 in which the three-dimensionally crosslinked
structures of the shells do not include specified nonionic groups but include nonionic groups other than specified nonionic
groups, the ejectability and the preservation stability (namely, dispersion stability of the aqueous dispersion) were de-
graded.

[0564] Comparisons between Examples 1, 4, 8, and 9 have revealed the following: when the anionic group of the
shells is a carboxy group (Examples 1 and 4), the aqueous dispersion has high dispersion stability, compared with the
case where the anionic group of the shells is a sulfo group or a phosphoric acid group (Examples 8 and 9).

[0565] Comparisons of Examples 5, 7, 10, and 11 with the other Examples have revealed the following: when the
thermal-polymerizable group is a blocked isocyanate group, the cured film has very high pencil hardness.

Examples 101 to 107
Production of color inks
[0566] The aqueous dispersions of microcapsules in Examples 1 and 5 were used to produce color inks as ink-jet inks.

[0567] Specifically, the components in Table 4 were mixed to produce the color inks.
[0568] The produced color inks, which are another form of the aqueous dispersion of microcapsules according to this
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embodiment, are referred to as "color inks" here, as being different from the aqueous dispersions of microcapsules
produced in the above-described Examples.

[0569] The produced color inks were evaluated as in the above-described evaluations of adhesion, ejectability, and
preservation stability for the colorless inks. The results are described in Table 4.
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Descriptions for Table 4

[0570] Cab-o-jet 450C cyan pigment: anionic self-dispersible cyan pigment dispersion (solid content concentration:
15 mass%, medium: water) manufactured by Cabot Corporation

Pro-jet Cyan APD1000: cyan pigment dispersion (solid content concentration: 14 mass%, medium: water) manufactured
by FUJIFILM (registered trademark) Imaging Colorants, Inc.

Capstone FS-3100: fluorosurfactant (nonionic surfactant) (solid content concentration: 100 mass%) from E. I. du Pont
de Nemours and Company

Capstone FS-31: fluorosurfactant (nonionic surfactant) (solid content concentration: 25 mass%, medium: water) from
E. I. du Pont de Nemours and Company

Alkanol XC: anionic surfactant (solid content concentration: 100 mass%) from E. |. du Pont de Nemours and Company
LAVELIN FP: anionic surfactant (solid content concentration: 100 mass%) manufactured by DAI-ICHI KOGYO SEIYAKU
CO,, LTD.

Tego Twin 4000: siloxane-based additive (solid content concentration: 100 mass%) manufactured by Evonik Degussa
Japan Co., Ltd.

[0571] As described in Table 4, Examples 101 to 107 all provide good results of evaluations of adhesion, ejectability,
and preservation stability.

[0572] In particular, Examples 101, 102, and 104 to 106 in which the anionic surfactant contents were 1 mass% or
less achieve very high preservation stability.

[0573] The entire contents disclosed by JP2016-252731 filed in the Japan Patent Office on December 27, 2016 are
incorporated herein by reference.

[0574] All documents, patent applications, and technical standards mentioned in this Specification are incorporated
herein by reference to the same extent as in the case where the individual documents, patent applications, and technical
standards are specifically and individually described as being incorporated herein by reference.

Claims

1. An aqueous dispersion comprising:
a microcapsule including a core and a shell that has a three-dimensionally crosslinked structure including (a)
at least one selected from the group consisting of a urethane bond and a urea bond and (b) an anionic group
and a nonionic group as hydrophilic groups, wherein at least one of the shell or the core has a thermal-polym-
erizable group; and

water,
wherein the nonionic group is a group (W) represented by Formula (W) below,

W1 W2
*+ RM'—0O-4-R
nw Formula (W)
wherein, in Formula (W), RW1 represents an alkylene group that has 1 to 6 carbon atoms and that may be
branched, RW2 represents an alkyl group that has 1 to 6 carbon atoms and that may be branched, nw represents

an integer of 2 to 200, and * represents a linkage position.

2. The aqueous dispersion according to claim 1, wherein the three-dimensionally crosslinked structure includes at
least one of structures represented by Formulas (X1) to (X4) below,
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(R?)
m
* j\ v j\ * \\/\ N H\*
SN0 0" N I
H H
A A
Formula (X1) Formula (X2)

o, R¢ 0O
I < <

O
HE H
L A —L —N—-1L-N— *

Formula (X3) Formula (X4)

wherein, in Formula (X1), RX! represents a hydrogen atom or an alkyl group having 1 to 10 carbon atoms, A
represents an anionic group, and * represents a linkage position,

wherein, in Formula (X2), RX2 represents an alkyl group having 1 to 10 carbon atoms, A represents an anionic
group, n represents an integer of 1 to 5, m represents an integer of 0 to 4, m and n are in total an integer of 1 to 5,
and * represents a linkage position,

wherein, in Formula (X3), RX3 represents a hydrogen atom or an alkyl group having 1 to 10 carbon atoms, A
represents an anionic group, L represents a divalent linking group, and * represents a linkage position, and
wherein, in Formula (X4), A represents an anionic group, L represents a divalent linking group, and * represents a
linkage position.

The aqueous dispersion according to claim 1 or claim 2, wherein the anionic group is at least one of a carboxy group
or a salt of a carboxy group.

The aqueous dispersion according to any one of claim 1 to claim 3, wherein an amount of the nonionic group relative
to a total solid content of the microcapsule is 1 mass% to 20 mass%.

The aqueous dispersion according to any one of claim 1 to claim 4, wherein an amount of the anionic group relative
to 1 g of a total solid content of the microcapsule is 0.2 mmol/g to 1.5 mmol/g.

The aqueous dispersion according to any one of claim 1 to claim 5, wherein N mass% representing an amount of
the nonionic group relative to a total solid content of the microcapsule, and A mmol/g representing an amount of
the anionic group relative to 1 g of the total solid content of the microcapsule satisfy a ratio of A to N of 0.02 to 0.15.

The aqueous dispersion according to any one of claim 1 to claim 6, wherein the core includes a thermal-polymerizable
compound.

The aqueous dispersion according to any one of claim 1 to claim 7, wherein a content of an anionic surfactant
relative to a total amount of the aqueous dispersion is 1 mass% or less.

The aqueous dispersion according to any one of claim 1 to claim 8, wherein an amount of a total solid content of
the microcapsule relative to a total solid content of the aqueous dispersion is 50 mass% or more.

10. The aqueous dispersion according to any one of claim 1 to claim 9, being used as an ink-jet ink.

11. A method for producing the aqueous dispersion according to any one of claim 1 to claim 10, the method comprising:
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mixing (a) an aqueous-phase component including water and (b) an oil-phase component including an organic
solvent, a tri- or higher functional isocyanate compound, and at least one of a thermal-polymerizable-group-
introduced isocyanate compound or a thermal-polymerizable compound, and performing emulsification to form
the microcapsule,

wherein at least one of Condition (x-1) or Condition (x-2) below is satisfied,

Condition (x-1): the oil-phase component includes an isocyanate compound to which the nonionic group is
introduced,

Condition (x-2): at least one of the oil-phase component or the aqueous-phase component includes a
compound having the nonionic group and an active hydrogen group; and

wherein at least one of Condition (y-1) or Condition (y-2) below is satisfied,
Condition (y-1): the oil-phase component includes an isocyanate compound to which the anionic group is
introduced,
Condition (y-2): at least one of the oil-phase component or the aqueous-phase component includes a
compound having the anionic group and an active hydrogen group.

12. An image-forming method comprising:

applying the aqueous dispersion according to any one of claim 1 to claim 10 onto a recording medium; and
curing the aqueous dispersion applied on the recording medium by heating or irradiation with infrared radiation.
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INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2017/041729
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Int.Cl. C08L75/08(2006.01)i, B41J2/01(2006.01)1i, B41M5/00(2006.01)1,
C08G18/00(2006.01)i, C08G18/08(2006.01)1i, C08G18/48(2006.01)1,
C08J3/07(2006.01)1, C09D11/30(2014.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Int.Cl. C08L75/00-75/16, C08G18/00-18/87, B41J2/01, B41M5/00, C08J3/07,
C09D11/30

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2018
Registered utility model specifications of Japan 1996-2018
Published registered utility model applications of Japan 1994-2018

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A WO 2015/158748 A1 (AGFA GRAPHICS NV) 22 October 2015, 1-12
entire text

& US 2017/0022379 Al, whole document & EP 3131980 Al
& AU 2015248850 A & KR 10-2016-0134776 A

A JP 2011-063001 A (FUJIFILM CORPORATION) 31 March 2011, 1-12
entire text
& US 2011/006°9109 Al, whole document

& Further documents are listed in the continuation of Box C. D See patent family annex.
*  Special categories of cited documents: “T”  later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E”  earlier application or patent but published on or after the international “X”  document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0”  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
“P”  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed “&”  document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
06 February 2018 20 February 2018
Name and mailing address of the ISA/ Authorized officer

Japan Patent Office
3-4-3, Kasumigaseki, Chiyoda-ku,
Tokyo 100-8915, Japan Telephone No.
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Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 2006-307215A (BAYERMATERIALSCIENCE AG) 09 November 1-12
2006, entire text
& US 2006/0240264 Al, whole document & EP 1717257 Al
& DE 102005019430 A & CA 2544508 A &« KR 10-2006-0112615
A

A JP 04-249517 A (DAINIPPON INK AND CHEMICALS) 04 1-12
September 1992, entire text
& EP 511457 Al, whole document

A JP 08-259888 A (DAINIPPON INK AND CHEMICALS) 08 October 1-12
1996, entire text
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1995, entire text
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(Family: none)
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